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1.  EXECUTIVE  SUMMARY 


1.1  PROJECT  OBJECTIVE 

The  primary  objective  of  this  research  project  was  to  construct  a long- 
run  econometric  model  of  the  U.S.  auto  market  which  can  be  used  to  forecast 
the  long-run  size  and  composition  of  U.S.  auto  demand  and  stock.  Within  the 
context  of  this  project,  the  model  will  be  used  to  generate  long-run  fore- 
casts in  order  to  study  the  impacts  of  altered  assumptions  concerning  such 
factors  as  the  efficiency  and  weight  of  new  cars,  gasoline  prices,  and  auto- 
mobile-related tax  laws.  The  model  will  be  made  available  to  the  TSC  re- 
search staff  for  their  use  in  ongoing  forecasting  and  policy  analysis  work. 
To  accomplish  this  latter  objective,  appropriate  data  files  and  computer 
simulation  programs  will  be  supplied  on  a computer  system  designated  by  the 
TSC  staff. 

1.2  SUMMARY  OF  APPROACH  AND  MODELING  CONTRIBUTIONS 

The  observed  cyclical  fluctuations  in  auto  market  activity  cannot  pro- 
vide an  accurate  guide  to  long-run  trends.  Meaningful  analysis  extending 
to  the  year  2000  therefore  clearly  requires  consideration  of  the  demographic 
economic,  technological,  and  behavioral  determinants  of  the  long-run  equili 
brium  underlying  the  observed  market  behavior. 

The  critical,  innovative,  approach  employed  in  the  Wharton  Automobile 
Demand  Model  is  therefore  the  analysis  of  the  "desired"  auto  stock  and  its 
"desired"  composition  by  size-class.  This  approach  was  implemented  using 
cross-sectional  state  data  for  1972.  This  methodology  permits  the  estimated 
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equations  to  be  interpreted  as  long-run,  equilibrium  relationships. 

With  the  "desired"  levels  established  the  "real ized"val ues  - new  reg- 
istrations and  scrappage  - are  determined  by  the  "gap"  between  the  desired 
and  actual  stocks.  Similarly,  the  shares  by  size-class  of  new  registrations 
are  expressed  as  functions  of  the  divergence  between  the  desired  and  actual 
shares  of  stock.  Hence,  the  mechanism  linking  the  "desired"  block  to  the 
"actual"  block  is  a stock-adjustment  process,  the  parameters  of  which  were 
estimated  from  time-series  data. 

As  is  appropriate  in  a long-term  model,  the  size  and  composition  of  the 
desired  stock  are  strongly  influenced  by  demographic  factors.  Noteable  fea- 
tures here  are  our  use  of  family-size  variables  in  the  size-class  relation- 
ships, and  the  definition  of  the  basic  scale  variable  as  the  number  of  family 
units  (rather  than  "households",  which  adds  together  people  unlikely  to  joint- 
ly own  a car) . 

A second  major  influence  is,  of  course,  income.  However,  in  addition  to 
a real  income  per  family  variable,  we  have  refined  the  concept  of  saturation 
by  introducing  an  income  distribution  measure,  which  acts  to  slow  the  demand 
response  to  increasing  real  incomes.  Income  distribution  also  plays  a role 
in  the  size-class  distribution.  A further  factor  that  we  have  introduced  is 
a "trading-up"  response.  This  is  achieved  by  means  of  a variable  expressing 
income  relative  to  average  automobile  costs. 

The  third  important  element  is  the  cost  of  purchasing  and  operating  an 
automobile.  Here  we  have  originated  a new,  and  we  believe  superior,  overall 
measure  of  costs  which  is  termed  "capitalized  cost  per  mile".  This  attempts 
to  account  for  all  costs  and  expenditures  involved  in  automobile  ownership, 
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taking  note  of  when  they  are  incurred,  and  expresses  the  costs  relative  to 
the  stream  of  services  yielded  by  the  auto  - the  miles  traveled.  Finally, 
both  the  time-stream  of  expenditures  and  services  are  discounted  back  to  the 
present  to  reflect  the  lesser  significance  of  more  distant  costs  and  benefits. 

Another  influence  on  desired  stock  comes  from  public  transit  usage. 
Although  the  measure  used  here  is  far  from  ideal,  it  nonetheless  does  repre- 
sent the  marginal  substitution  of  public  transportation  facilities  for  the 
private  automobile. 

Passing  from  the  "desired"  relationships  to  actual  or  "realized"  values, 
equations  were  estimated  from  annual  time-series  data  relating  new  car  sales 
and  used  car  scrappage  to  the  desired  total  stock,  the  existing  stock,  and 
current  economic  cyclical  conditions  and  price  movements.  The  age  of  the 
stock  and  the  intensity  of  its  use  also  affect  scrappage.  Both  sales  and 
scrappage  are  disaggregated  by  size-class  and  by  foreign  versus  domestic  ori- 
gin. 

While  the  user  may  supply  his  own  price  and  fuel  efficiency  assumptions 
if  desired,  the  model  does  incorporate  a fully  developed  set  of  relationships 
for  determining  the  components  of  total  purchase  prices,  and  for  estimating 
miles  per  gallon  by  class  as  functions  of  vehicle  characteristics. 

Finally,  subsidiary  features  of  the  model  are  an  analysis  of  the  used 
car  market,  concerned  with  total  transactions  and  prices  by  vintage  and  by 
class,  and  a prediction  of  total  vehicle  miles  traveled  by  the  fleet  of  auto- 
mobiles. 
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The  primary  outputs  and  capabilities  of  the  Wharton  Automobile  Demand 
Model  may  be  summarized  as  follows: 

The  model  yields  forecasts  of  - 

The  size  and  composition  by  size-class  of  the  'desired'  (equilibrium) 
stock  of  autos. 

New  registrations,  total,  and  by  size-class. 

The  size,  composition  by  size-class,  and  vintage  distribution  of 
scrappage. 

The  size,  composition  by  class,  and  vintage  distribution  of  the  actual 
auto  stock. 

Vehicle  miles  traveled  by  the  fleet. 

Miles  per  gallon  by  size-class,  and  for  the  new  and  existing  fleet,  both 
EPA  estimates  and  actual  driving  m.p.g.  estimates. 

New  car  base  purchase  prices,  options  expenditures,  and  transportation 
charges  by  size-class. 

Used  car  prices,  by  size-class  and  by  vintage,  and  total  used  car  trans- 
actions. 


The  model  can  be  used  to  analyze  the  impacts  of  - 

Changes  in  the  rate  of  family  formation,  the  distribution  of  families 
by  size,  the  age  and  geographic  distribution  of  the  population. 

Varying  rates  of  real  income  growth,  employment,  and  inflation. 

Possible  tax  and  pricing  policies  affecting  either  purchase  costs  or 
operating  expenses,  such  as  the  price  of  gasoline. 

Changing  curb  weights  and  engine  displacements,  and  increases  in  fuel 
consumption  efficiency  through  technological  advances  or  losses  due  to 
stricter  emissions  standards. 
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1.3  KEY  ASPECTS  OF  THE  WHARTON  EFA  AUTOMOBILE  DEMAND  MODEL 


Each  model  relationship  constitutes  a simplified  representation  of  behavior 
for  a particular  element  of  automobile  demand.  Just  as  each  element  does  not 
stand  alone  in  the  "real  world"  neither  do  the  model  relationships.  They  inter- 
act extensively  with  each  other,  frequently  simultaneously,  such  that  the  pre- 
cise, overall  impact  of  a given  change  in  a causal  factor  cannot  always  be  read- 
ily determined  with  reference  to  its  impact  on  a particular  element  of  the  sys- 
tem. 

Notwithstanding  this  fact,  the  simplest  course  for  purposes  of  exposition 
- to  catch  the  "flavor"  of  the  relationships  - is  to  take  each  element  in  turn, 
and  describe  the  nature  and  role  of  the  principal  influences  upon  them.  This  is 

the  purpose  of  this  section  with  respect  to  the  most  important  "core"  elements 
of  the  model.  We  also  discuss  the  general  trends  currently  projected  for  each. 
Finally,  the  section  concludes  with  an  outline  of  how  the  elements  interact  with 
each  other. 

1.3.1  THE  DETERMINANTS  OF  DESIRED  STOCK  PER  FAMILY 

Key  behavioral  aspects  of  the  long-run  stock  of  autos  per  family  unit  are: 

--As  real  income  per  family  increases,  the  desired  stock  of  autos  per 
family  increases. 

--The  rate  of  increase  in  the  stock  slows  substantially  as  the  percentage 
of  families  earning  in  excess  of  $15,000  per  year  (in  constant  dollars) 
increases.  This  represents  the  "market  saturation"  factor  with  respect 
to  income. 

--As  the  number  of  licensed  drivers  per  family  increases,  the  desired  num- 
ber of  autos  per  family  increases.  This  could  be  termed  a demographic 
market  saturation  factor. 

--As  the  cost  per  vehicle  mile  driven  increases,  the  desired  stock  of 
autos  per  family  declines. 

--Increased  availability  of  mass  transit  leads  to  a reduction  in  the 
desired  stock  of  autos. 
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Over  the  next  25  years,  real  income  per  family  may  well  grow  at  a some- 
what slower  rate  than  in  the  past,  while  the  percentage  earning  over  $15,000 
is  expected  to  continue  to  rise.  At  the  same  almost  90%  of  the  16  to  74  age 
group  now  have  licenses,  which  (given  current  demographic  projections)  suggests 
that  the  growth  in  licensed  drivers,  total  and  per  family,  will  be  markedly 
slower  from  1980  onwards. 

These  three  factors  would,  by  themselves,  tend  to  imply  a declining  rate 
of  growth  in  autos  per  family.  The  outlook  for  real  costs  per  mile  and  mass 
transit  is  more  uncertain,  but  in  the  absence  of  dramatic  technological  chan- 
ges a rise  in  the  former  may  perhaps  be  considered  probable,  while  the  latter 
has  recently  reversed  its  historical  decline  in  ridership.  The  anticipated 
trends  in  all  five  influences  would  therefore  seem  to  imply  a possible  marked 
slowdown  in  the  growth  of  the  desired  stock  of  autos. 

The  current  outlook  is  for  a modest  increase  in  desired  stock  per  family 
unit  from  1.25  units  per  family  in  1975  to  1.33  units  by  the  year  2000.  In 
fact,  desired  stock  per  family  is  anticipated  to  reach  saturation  by  the  late 
1 980 ' s , remaining  virtually  unchanged  thereafter. 

Total  desired  stock  is  expected  to  show  healthy  growth  through  1980 
(2.7%  per  annum),  primarily  due  to  a recovery  in  real  family  income  and  a high 
rate  of  family  formation.  Then  the  rate  of  growth  will  slow  to  1.8%  per  annum 
through  1985,  reaching  117  million  units  in  that  year,  and  thereafter  desired 
stock  parallels  the  growth  in  family  units,  increasing  at  a rate  of  less  than 
1%  per  annum,  reaching  134  million  units  by  2000. 

1.3.2  THE  DETERMINANTS  OF  NEW  REGISTRATIONS 

Variations  in  new  car  sales  are  largely  seen  as  a response  to  fluctuations 
in  desired  stock  - they  are  the  main  component  in  the  process  of  adjustment  to 


1-6 


long-run  equilibrum  stock.  Significant  findings  include: 

--A  change  in  desired  stock  initially  leads  to  much  sharper  changes  in 
new  sales. 

--Cyclical  swings  in  income  produce  sharp  swings  in  auto  sales. 

--Sharp  increases  in  new  car  prices  tend  to  lead  to  postponement  of 
new  car  purchases. 

--Increases  in  the  rate  of  scrappage  lead  (indirectly)  to  increases  in 
new  car  sales. 

The  key  finding  is  the  strength  of  the  new  car  sales  adjustment  to  chan- 
ges in  the  desired  stock.  A substantial  slowdown  in  the  rate  of  growth  of 
the  desired  auto  stock  will  produce  an  even  more  marked  slowdown  in  the  growth 
of  auto  sales.  The  timing  and  magnitude  of  this  change  are  only  strongly 
affected  by  the  direct  impacts  of  income,  prices,  and  scrappage  in  the  short- 
run. 

As  a consequence  of  the  forecast  for  desired  stock,  we  therefore  antici- 
pate a favorable  outlook  for  new  registrations  through  1981,  followed  by  a 
long  period  of  stagnation  during  the  1980 's,  and  a modest  revival  from  the 
late  1980's  through  the  end  of  the  period.  From  about  10  million  units  in 
1976,  sales  should  peak  at  over  12%  million  units  in  1981,  and  approach  14 
million  units  by  the  year  2000. 

1.3.3  THE  DETERMINANTS  OF  SCRAPPAGE 

Scrappage  tends  to  be  a cyclical  phenomenon,  rising  in  good  times  and 
falling  in  bad  times.  Key  factors  affecting  scrappage  are  as  follows: 

--If  the  desired  stock  falls  relative  to  the  actual  stock,  the  rate  of 
scrappage  increases. 

--As  the  average  age  of  the  stock  rises,  the  scrappage  rate  rises. 

--As  miles  driven  per  auto  increases,  the  scrappage  rate  increases. 

--An  increase  in  new  car  sales  would  lead  (indirectly)  to  an  increase  in 
total  scrappage. 
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— As  the  price  of  older  cars  declines  relative  to  the  price  of  steel 
scrap,  the  rate  of  scrappage  increases, 

Total  scrappage  undergoes  wide  fluctuations  from  year  to  year  but  over 
the  longer  term  the  many  influences  tend  to  be  self-correcting.  If  scrappage 
falls,  the  stock's  age  tends  to  rise,  pushing  scrappage  back  up.  Since 
scrappage  is  so  strongly  related  to  the  desired  stock,  the  actual  stock,  and 
new  registrations,  the  relationship  is  highly  simultaneous.  "In  equilibrium", 
scrappage  and  new  sales  tend  to  equality^  The  current  scrappage  outlook  is 
for  sharp  increases  from  the  depressed  1975  level  and,  in  the  longer  run, 
scrappage  then  tends  towards  the  level  of  new  registrations. 

1.3.4  THE  DETERMINANTS  OF  DESIRED  SHARES  BY  SIZE-CLASS 

The  dominant  behavioral  characteristics  of  the  desired  share  relationships 

are: 

--As  the  cost  per  mile  for  a given  size  increases  relative  to  the  average 
cost  per  mile  for  all  other  classes,  that  car's  desired  share  in  the 
stock  dec! ines . 

--As  the  average  size  of  a family  declines,  the  demand  for  full-size  cars 
falls  relative  to  total  demand. 

--Rising  incomes  (relative  to  auto  costs)  implies  trading-up  to  larger, 
more  expensive,  cars. 

--As  the  average  age  of  the  population  rises,  the  share  of  smaller  cars 
in  desired  stock  falls 

--As  the  percentage  of  families  earning  in  excess  of  $15,000  increases, 
the  shares  of  luxury,  and  small  cars  (second  and  third  cars),  increase. 

While  the  desired  shares  in  the  fleet  are  highly  sensitive  to  relative  purchase 

and  operating  costs,  these  (in  the  absence  of  special  taxes  designed  to  alter 

the  desired  composition  of  the  fleet)  may  not  change  very  radically  over  the 

next  15  years,  with  the  notable  exception  of  the  impacts  of  changes  in  fuel 

efficiencies  and  higher  gasoline  prices.  However,  if  the  current  slow  popula- 
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tion  growth  is  maintained,  the  average  size  of  families  can  be  expected  to  de- 
crease, tending  to  imply  a smaller  share  for  full-size  cars  than  economic 
trends  alone  would  indicate.  At  the  same  time,  the  population  aged  20  to  29 
years  will  fall,  relatively,  exerting  a similar  downward  influence  on  the 
small -car  shares. 

1.3.5  THE  DETERMINANTS  OF  SALES  SHARES  BY  CLASS 

The  share  of  new  car  sales  responds  solely  (in  the  context  of  the  WEFA 
model)  to  changes  in  the  desired  fleet  composition.  A given  shift  in  desired 
composition  of  the  fleet  initially  produces  much  larger  shifts  in  the  compo- 
sition of  new  car  sales,  in  exactly  the  same  type  of  response  as  that  of  total 
sales  to  changes  in  the  total  desired  stock. 

Given  the  assumptions  that  have  been  made  about  downsizing,  our  forecast 
suggests  that  the  swing  back  to  full-size  cars  that  we  have  seen  occurring  in 
1976  is  not  a temporary  phenomemon,  but  may  be  expected  to  persist,  and  even 
gather  momentum.  In  the  absence  of  sharp  cost  increases  or  large  fuel  effic- 
iency losses  due  to  much  more  stringent  pollution  and  safety  standards,  we 
anticipate  that  a smaller,  more  efficient,  full-size  car  might  account  for  a 
peak  market  share  as  high  as  30%  by  the  mid  - 1 980 ' s with  the  subcompact-com- 
pact share  falling  below  40%,  compared  to  17%  and  51%,  respectively,  for  1975. 

1.3.6  MODEL  INTERACTIONS 

The  above  sections  have  sketched  out  the  separate  parts  of  the  model  . 

Let  us  turn  now  to  how  these  fit  together.  The  WEFA  Auto  Demand  Model  is  a 
long-run  equilibrium  model.  If  all  forces  acting  on  the  auto  market  were  held 
constant,  the  model  would  tend  towards  an  equilibrium  state  with  actual  stock 
constant  and  equal  to  desired  stock,  total  registrations  and  scrappage  con- 
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stant  and  equal,  and  the  class-shares  of  stock,  new  registrations,  and  scrap- 
page,  also  constant  and  equal. 

Now  let  the  desired  stock  rise.  This  would  (directly)  occur  due  to  a 
rise  in  income,  a fall  in  auto  operating  or  purchase  costs,  more  licensed  dri- 
vers per  family,  increasing  urbanization  or  a decline  in  non-auto  modes  of 
commuting.  New  registrations  would  then  increase  sharply,  and  the  scrappage 
rate  would  tend  to  fall.  Thereafter,  new  registrations  and  total  scrappage 
would  oscillate  more  and  more  gradually  about  their  new  (higher)  equilibrium 
levels. 

Should  a change  occur  which  alters  the  composition  of  the  desired  stock, 
such  as  changes  in  auto  costs,  income  and  its  distribution,  family  size,  geo- 
graphic shifts  in  population,  or  changes  in  age  structure,  then  the  new  registra- 
tions and  scrappage  shares  of  the  classes  would  shift.  Again,  the  initial  re- 
sponse would  be  proportionately  greater  than  the  initiating  desired  share  chan- 
ges. 

Here  the  pattern  is  more  complex  because  total  desired  stock  also  changes. 
Suppose  a shift  towards  smaller  (cheaper)  cars  occurs,  then  the  average  cost 
per  mile  of  the  desired  stock  is  reduced,  tending  to  increase  desired  stock, 
and  initiating  the  pattern  of  aggregate  responses  already  outlined. 

1.4  OUTLOOK  AND  ANALYSIS 

In  this  section  the  assumptions  and  results  for  our  baseline  projection 
are  outlined,  and  the  findings  for  some  variations  in  these  assumptions  are  pre- 
sented in  the  form  of  an  analysis  of  elasticities. 

1.4.1  ASSUMPTIONS 

The  basic  assumptions  fall  into  three  groups:  demographic,  economic,  and 

auto  characteristics: 
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The  major  demographic  assumptions  are: 


Slow  population  growth:  the  growth-rate  falls  from  0.7%  per  annum  for 

1976-1985  to  just  over  0.3%  per  annum  for  1995-2000. 

Family  formation  outpaces  population:  the  number  of  family  units  rises 

from  75.3  million  in  1975  to  87.4  million  in  1985  (a  1.5%  per  annum  rate) 
to  100.7  million  by  2000  (a  0.9%  per  annum  rate). 

Families  become  smaller:  the  proportion  with  five  or  more  members  falls 

sharply,  while  that  for  three  or  four  remains  constant. 

An  ageing  population:  the  percentage  between  20  and  29  years  of  age 

falls,  especially  after  1980. 

The  key  economic  assumptions  are:-/ 

Strong  real  income  growth:  real  GNP  growth  in  excess  of  5%  per  annum 

through  1978,  slowing  to  2%  for  1979-80,  stabilizing  at  around  3%  per 
annum  thereafter. 

Slowing  inflation:  the  overall  G.N.P.  deflator  rises  at  around  5.5%  per 
annum  through  1980,  slowing  towards  4%  by  1985,  and  reaching  3%  per  annum 
by  2000. 

Declining  unemployment-rate:  unemployment  falls  towards  a 5%  rate  by  the 

mid-1980's,  then  slowly  trends  towards  3%  by  2000. 

Slowly  increasing  'real1  automobile  costs:  operating  costs  are  expected 

to  outpace  the  overall  consumer  price  index,  especially  the  price  of  gaso- 
line - projected  to  increase  over  20%  in  1972  prices  by  1985;  however, 
'real'  purchase  prices  are  expected  to  be  quite  stable. 


The  auto  characteristics  assumptions  are: 

Sharply  reduced  weights  and  displacements:  a major  domestic  downsizing 

program,  applied  to  each  size-class  in  succession,  reducing  curb-weights 
about  30%,  and  engine  displacements  about  40%,  by  1990. 

Efficiency  improvements:  technological  developments  are  projected  to 

yield  increases  in  fuel  efficiency  totalling  11%  for  1976-80;  thereafter 
these  gains  are  held  to  1%  per  annum  on  the  assumption  of  more  stringent 
pollution  standards. 


1.4.2  BASELINE  FORECAST 

The  outstanding  features  of  the  forecast  made  on  the  basis  of  the  above  assump- 
tions are: 

1/  Based  upon  the  Wharton  Long-Term  Econometric  Model  forecast,  November,  1976. 
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Strong  short-run  sales  demand:  new  registrations  growth  continues, 

especially  in  1977  and  1981,  the  latter  containing  a record  peak  of  over 
1 million  units.. 

Slower  long-term  sales  growth:  during  the  1 980 1 s new  registrations  show 

little,  if  any,  growth,  then  a slow  upward  trend  resumes,  sales  just  rea- 
ching 14  million  units  in  2000. 

Declining  growth-rate  for  stock:  the  net  result  of  the  trends  foreseen 

for  desired  stock,  new  registrations,  and  scrappage,  is  a total  end-of-year 
stock  of  cars  in  operation  of  132  million  units  by  2000.  Most  of  the  in- 
crease from  the  1975  total  of  97  million  occurs  in  the  first  10  years,  with 
increments  of  10  million  units  occurring  in  each  of  the  periods  1975-1980 
and  1980-1985.  The  remaining  15  million  increase  occurs  after  1985,  at  a 
steadily  decreasing  rate. 

Sustained  'large  car1  recovery:  the  shift  towards  mid  and  full -si zed  cars 

is  sustained,  their  joint  market  share  rising  from  40%  in  1975  to  over  51%, 

while  the  small-car  share  declines  from  51%  to  38%,  mostly  at  the  expense 
of  subcompacts. 

1.4.3  SENSITIVITY  ANALYSIS 

The  sensitivity  of  these  results  to  changing  assumptions  can  be  analyzed 
by  observing  the  percentage  changes  in  the  forecast  levels  that  occur  for  a 
given  percentage  change  in  an  exogenous  assumption.  This  relative  measure  is 
termed  an  "elasticity"  and  provides  a quantitative  measure  of  a variable's 
significance. 

(A)  With  respect  to  income,  a 1%  increase  in  total  nominal  income  yields 
the  following  percentage  changes: 

Nominal  Income  Increased  by  1%,  1977-2000 


% Changes  In: 

'Short-Term' 

(1977) 

' Long-Term 
(1987) 

Total  New  Registrations 
Size-Class  Shares: 

+5.5 

+0.1 

Subcompacts 

-1.6 

+0.2 

Compacts 

-0.5 

+0.4 

Mid-Size 

-0.2 

-0.1 

Full-Size 

+1 .8 

-0.7 

Luxury 

+0.4 

+0.9 

This  simulation  (discussed  in  detail  in  Chapter  5)  reveals  the  powerful 
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immediate  impact  of  income  on  total  sales,  with  an  elasticity  of  5.5.  How- 
ever, the  adjustment  is  virtually  instantaneous,  with  very  slight  long-run 
effects  on  total  stock  and  sales.  Initially,  the  income  increase  induces  both 
trading-up  to  the  more  expensive  cars  and  increased  options  expenditures  for 
every  class.  Hence  the  average  cost  per  mile  increases  slightly  (by  0.1%  in 
the  first  year).  The  initial  'trading-up'  shifts  are  substantial  - full-size 
gains  by  almost  2%  (relative,  not  absolute),  with  subcompacts  faring  the  worst. 
In  the  longer-run  the  income  distribution  shifts  due  to  the  higher  income  level. 
As  the  proportion  in  the  $15,000  or  over  real  income  category  rises,  luxury 
gains  ground,  and  a swing  back  to  the  smaller  cars  occurs,  leaving  the  distri- 
bution of  actual  stock  virtually  unchanged,  except  for  the  slight  luxury  increa- 
ses. 

(B)  The  corresponding  results  for  each  1%  increase  in  gas  prices  are  as  follows 

Gas  Price/Gallon  Increases  1%,  1977-2000 


% Changes  In: 

' Short-Term' 
(1977) 

' Long-Term 
(1987) 

Total  New  Registrations 
Size-Class  Shares: 

-0.2 

-0.04 

Subcompacts 

+0.8 

+0.3 

Compacts 

-0.1 

+0.1 

Mid-Size 

- - 

- - 

Full-Size 

-0.7 

-0.3 

Luxury 

- - 

- - 

Our  capitalized  cost  per  mile  measures  increase  about  0.2%  for  a 1%  price 
hike,  with  subcompacts  at  0.18%,  and  full-size  at  0.22.  The  redistribution 
among  classes  leaves  compacts  and  mid-size  with  little  net  change,  but  the  sub- 
compact and  full-size  shares  shift  significantly.  In  the  longer-run,  however, 
it  is  clear  that  the  impacts  are  substantially  reduced.  This  can  be  seen  by 
noting  that  if  the  long-run  subcompact  market  share  was  20%,  the  gasoline  price 
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increase  needed  to  yield  a 21%  share  (a  5%  increase)  would  be  17%  (5  + 0.3). 
Because  of  the  shift  to  cheaper  cars,  the  average  cost  per  mile  increase  is 
moderated  to  less  than  0.2%,  and  thus  the  immediate  effect  on  new  registra- 
tions is  not  severe,  while  the  long-run  impact  is  very  slight. 

(C)  In  the  case  of  an  'across  the  board1  1%  point  increase  in  the  sales 
tax  rate,  we  find  the  following  responses: 

Increase  Sales  Tax  by  1%  Point,  1977-2000 


% Changes  In: 

'Short-Term' 

'Long-Term 

(1977) 

(1987) 

Total  New  Registrations 

-1 .46 

-0.10 

Size-Class  Shares: 

Subcompacts 

+0.8 

+0.6 

Compacts 

+0.4 

+0.2 

Mi d-Si ze 

+0.1 

— 

Ful 1 -Size 

-1.0 

-0.5 

Luxury 

-0.1 

-0.1 

In  this  example,  capitalized  costs  per  mile  rise  about  twice  as  much  as 
for  the  gas  price  increase  - the  elasticities  vary  around  0.4.  Another  dif- 
ference is  that  (with  the  exception  of  luxury  whose  cost  per  mile  rises  over 
0.5%),  there  is  naturally  less  shifting  in  relative  costs. 

The  main  reason  why  the  shares  change  so  significantly  is  a "trading-down" 
response  - auto  costs  have  risen  but  income  is  unchanged.  This  is  why  the 
effects  on  the  size-class  distribution  tend  to  be  more  enduring  in  the  long-run 
The  implied  behavior  here  is  that  a significant  proportion  of  full-size  buyers 
switch  to  the  mid-size  class  which  in  turn  loses  an  off-setting  amount  to  the 
small -car  classes,  while  some  "marginal"  compact  buyers  transfer  to  subcompacts 
Nor  surprisingly,  the  luxury  share  shows  little  response.  Even  with  the  switch 
to  cheaper  cars,  we  can  see  that  new  registrations  are  quite  sensitive  to  pur- 
chase costs,  falling  about  1%%  in  the  first  year.  Once  again,  the  long-run 
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effect  is  much  less  dramatic. 


A common  thread  running  throughout  these  exercises  is  the  stabilizing  na- 
ture of  the  model's  reactions.  Even  substantial  "exogenous"  shocks  are  rapid- 
ly absorbed,  and  the  long-run  effects  are  relatively  minor.  In  large  part 
this  stability  arises  from  the  sensitivity  of  the  size-class  shares  to  shifts 
in  relative  costs.  This  means  that  that  any  given  cost  increase  will  induce 
shifts  towards  the  cheaper  classes,  moderating  the  change  in  average  costs, 
and  hence  reducing  the  ultimate  impacts  on  desired  stock  and  new  sales. 

1.5  CONCLUDING  REMARKS 

This  Executive  Summary  has  sought  to  outline  the  structure  of,  and  the  re- 
sults derived  from,  the  Wharton  Automobile  Demand  Model  described  in  more  com- 
prehensive detail  in  the  remainder  of  this  final  report. 

This  model  was  developed  on  behalf  of  the  Transportation  Systems  Center 
of  the  Department  of  Transportation  by  Wharton  Econometric  Forecasting  Associ- 
ates, Inc.  It  is  very  large,  and  therefore  quite  complex,  with  some  eighty 
stochastically  estimated  behavioral  relationships  plus  some  three  hundred  asso- 
ciated identities. 

While  size  and  complexity  are  not  in  themselves  virtues,  they  permit  the 
model  to  offer  for  analysis  what  we  believe  to  be  an  unparalled  array  of  detailed 
forecasts  and  policy  and  scenario  instruments  relating  to  the  automobile  market. 
With  respect  to  the  latter,  not  only  do  we  distinguish  eighteen  economic  vari- 
ables that  impact  on  the  automobile  market,  but  also  fifteen  separate  demographic 
trends,  while  twelve  categories  of  automobile  taxes  may  be  applied.  Finally, 
the  extensive  analysis  of  fuel  efficiency  involves  seven  vehicle  characteristics 
for  each  size-class. 
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In  conclusion,  therefore,  the  model  provides  both  a detailed  long-term 
market  outlook  and  the  ability  to  observe  changes  arising  from  the  two  pressing 
issues  of  great  current  concern:  environmental  policy  and  energy  conservation 

pol  icy. 
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2.  INTRODUCTION 


The  main  body  of  the  report  is  divided  into  three  chapters  and 
three  appendices.  The  key  model  features  are  discussed  in  Chapters  3 
and  4 in  Volume  I,  while  Volume  II  contains  the  simulation  analysis  in 
Chapter  5.  Details  of  data  and  estimation  are  in  the  appendices  in  Volume  III. 

The  description  of  the  model  in  Chapter  3 is  of  fundamental  importance 
in  understnading  how  the  model  works  and  how  it  was  constructed,  why  we 
adopted  this  approach,  what  goes  into  the  model  in  terms  of  assumptions 
and  what  comes  out  of  the  model  in  terms  of  projections. 

Despite  the  technical  nature  of  this  report,  the  general  reader  should 
find  the  material  in  Chapter  3 comprehensible.  Econometricians  and  model- 
builders  will  find  a more  detailed  discussion  and  complete  presentation  of 
model  equations  contained  in  Appendix  A2,  Volume  III. 

The  construction  of  a large  and  complex  model  inevitably  requires  a 
large  volume  of  data.  In  the  present  instance  the  automobile  data,  in 
particular,  required  extensive  organization  and  estimation.  Two  key  concepts, 
the  size  classification  and  capitalized  cost  per  mile,  are  defined  and  dis- 
cussed in  Chapter  3.  Apart  from  this  preliminary  treatment,  however,  all 
the  details  of  the  data  base  underpinning  the  model  are  presented  in 
Appendix  A1 , Volume  III. 

It  is  our  belief  that  the  scope  and  magnitude  of  this  data  base  is 
such  that  its  potential  usefulness  rivals  that  of  the  model  itself.  For 
instance,  we  compiled  57  items  of  information  for  2,234  domestic  cars 
(1947  to  1974)  and  20  items  for  982  foreign  (1948  to  1975).  In  addition 
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to  this  model -speci fi c data  we  compiled  aggregate  data  on  new  registra- 
tions and  cars  in  operation,  by  state  for  1969  through  1972  and  for  the 
U.S.  for  1948  to  1974.  Additional  estimates  were  made  for  auto  stocks 
and  costs  (by  class)  by  age  of  vehicle.  Selected  examples  of  this  material 
are  presented  in  Appendix  A1 . 

Chapters  4 and  5 concern  themselves  with  results.  Baseline  fore- 
casts through  the  year  2000  are  presented  in  Chapter  4,  along  with  observed 
elasticities  (multipliers)  for  various  exogenous  variables  (taken  with 
repsect  to  this  baseline).  The  general  outlook  underlying  the  exogenous 
assumptions  is  discussed,  with  the  specific  values  involved  being  given 
in  Appendix  A3,  Volume  III. 

Finally,  Chapter  5 (Volume  II)  addresses  the  important  issue  of 
"what  if..."  Here  we  examine  the  implications  of  certain  'controlled' 
changes  in  critical  factors  affecting  the  automobile  market.  These  simulations 
of  alternative  events-- 'scenarios  ' — are  extremely  important.  For  a long- 
term model  of  this  type  they  may  be  considered  of  greater  significance  than 
any  single  projection. 

Any  particular  forecast  involves  specific  assumptions  about  the  world 
'outside'  the  market  for  autos.  No  matter  how  good  the  model  is,  the  results 
will  only  be  as  accurate  as  these  assumptions.  The  simulation  analysis, 
on  the  other  hand,  indicates  the  relative  impact  of  certain  events  and 
policies  compared  to  what  otherwise  would  have  occurred.  This  allows  us 
to  deduce  policy  implications  whose  accuracy  does  depend  upon  the  degree 
to  which  the  model  realistically  reflects  the  behavior  of  the  automobile  market. 
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3.  DESCRIPTION  OF  THE  WEFA  AUTO  DEMAND  MODEL 


3.1  OBJECTIVES 

The  design  activity  of  any  model  should  include  consideration 
of  the  potential  research  applications  of  the  model  and  the  requirements 
of  the  expected  model  user  set  concerning  the  desired  outputs.  There- 
fore, the  first  step  in  model  design  required  a definition  of  the 
desired  forecast  horizon  and  an  identification  of  the  various  relevant 
policy  assumption  variables.  In  structuring  the  model,  attention  was 
given  to  the  various  expected  model  users  and  the  circumstances  under 
which  they  would  exercise  the  model.  Based  on  these  general  design 
rules,  the  model  of  the  U.S.  long-run  demand  for  autos  has  been  struc- 
tured to  meet  the  following  key  criteria  and  characteristics: 

Provide  an  easily  useable  tool  for  forecasting  the  long-run 
demand  for  autos  (the  auto  stock),  under  a wide  range  of 
alternative  assumptions,  through  the  year  2000. 


The  long-run  forecast  output  includes  total  stocks;  vehicle 
miles  driven;  the  composition  of  the  stock  by  size  class; 
the  yearly  demand  for  new  cars  and  the  yearly  scrappage 
of  cars,  both  disaggregated  by  size  class;  new  car  prices  dis- 
aggregated by  size  class;  and  used  car  prices  disaggre- 
gated by  size  class  and  vintage. 
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The  equations  predicting  the  long-run  derrand  for  autos  include 
explanatory  variables  measuring  income  and  economic  activity, 
demographic  factors,  transportation  system  characteristics,  and 
the  real  cost  of  owning  and  operating  automobiles. 


All  model  inputs  are  obtainable  from  a long-run  macroeconomic 
forecasting  model  (in  this  case  the  Wharton  Annual  and  Industry 
Forecasting  Model);  are  projected  by  a respected  independent 
source,  such  as  the  demographic  projections  made  by  the  U.S. 
Census;  or  fall  into  the  realm  of  policy  variables  (such  as 
the  gasoline  tax),  to  be  manipulated  by  the  model  user. 


A wide  range  of  policy  variables  are  incorporated,  including 
both  purchase  and  ownership  taxes,  overall  and  by  size-class; 
gasoline  prices  and  taxes;  changes  in  travel  to  work  induced 
by  government  funded  expansion  of  mass  transit  facilities; 
and  changes  in  production  and  running  costs  due  to  environ- 
mental and  safety  legislation. 


The  model  is  responsive  to  changes  in  new  auto  characteristics 
insofar  as  they  effect  ownership  and  operating  cost,  such  as 
changes  in  weight,  engine  displacement  and  engine  type;  and  an 
analysis  is  made  of  the  determinants  of  fuel  efficiency. 


3.2.  MODEL  OVERVIEW 
3.2.1  INTRODUCTION 


The  Wharton  E.F.A.  Auto  Demand  Model  is  a long-run  model . That 
is,  we  are  concerned  with  the  exi stance  of,  and  movement  towards,  long- 
run  equil ibrium  levels  of  auto  demand.  The  methodology  of  the  model  at 
the  most  basic  level  may  be  characterized  as  a stock-adjustment  process 


3-2 


towards  the  equilibrium  state. 


3.2.2.  CROSS-SECTIONAL  ANALYSIS  - THE  DESIRED  STOCK 

A critical  concept  in  the  model  is  therefore  the  desired  stock 
of  autos.  The  desired  stock  is  measured  in  units  of  stock,  and  may  be 
defined  as  the  long-run  '‘steady-state"  level  that  would  exist  if  prices, 
income,  population,  etc.  were  held  constant.  Given  this  concept  of  an 
equilibrium  or  desired  stock  we  then  estimate  the  flows  that  affect  the 
stock  of  cars  in  operation  - new  registrations  and  scrappage  - as  func- 
tions of  the  "gap"  between  the  desired  and  actual  level  of  stock,  as 
well  as  other,  cyclical,  variables  that  affect  the  stock's  speed  of  ad- 
justment in  a particular  year  - such  as  income,  prices,  unemployment, 
etc. 

Classical  economic  theory  indicates  that  the  estimation  of  the 
determinants  of  long-run  equilibra  cannot  be  made  using  time-series 
data.  Rather,  the  appropriate  methodology  is  cross-sectional  analysis, 
at  one  point  in  time.  If  we  wish  to  analyze  the  characteristics  of  the 
consumer's  decision  making,  then  we  must  hold  tastes,  the  choice  avail- 
able, and  technology  constant. In  addition,  the  cross-sectional  ap- 
proach offers  much  greater  variation  (across  states)  in  such  critical 
factors  as  demographic  characteristics  and  the  relative  costs  of  auto 


1/  For  an  early  study  of  this  kind  relating  to  autos  see  F.M. Fisher, 

Z.  Griliches  and  C.  Kaysen,  "The  Costs  of  Automobile  Model  Changes 
Since  1949",  Journal  of  Pol itical  Economy,  Vol . LXX  (October,  1962) 
No.  5,  pp.  433-451 . 
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operation  and  ownership  than  does  time-series  analysis.  ^ This  greater 
within-sample  variation  of  the  cross-sectional  data  offers  a much  wider 
potential  range  of  applicability  for  forecasting  and  simulation. 

3.2.3.  DECISION  MAKERS  - THE  FAMILY  UNIT 

Throughout  the  model  our  decision-maker  is  taken  as  the  family 
unit.  Clearly  per  capita  variables  are  not  appropriate  - auto  demand 
would  then  be  principally  determined  by  the  age  and  sex  distribution 
of  the  population.  However  the  substitution  of  number  of  family  units 
for  number  of  households  as  the  basic  scale  variable  deserves  special 
attention.  Households  are  defined  by  the  U.S.  Census  Bureau  as  "all 
persons  who  occupy  a housing  unit"  ...A  household  includes  the  related 
family  members  and  all  the  unrelated  persons,  if  any,  such  as  lodgers, 
foster  children,  , wards,  or  employees  who  share  the  housing  unit,  A 
person  living  alone  or  a group  of  unrelated  persons  sharing  the  same 
unit  as  partners  is  also  counted  as  a household.-  Since  households  in- 
clude as  a single  unit  individuals  who  most  likely  would  not  jointly  own 
cars,  households  was  rejected  as  the  "scale  variable".  Instead,  the 
number  of  family  units  (FM)  was  chosen  as  the  "scale  variable".  We  have 


]_/  As  observed  by  Charlotte  Chamberlain  in  her  study,  A Preliminary  Model 
of  Auto  Choice  by  Class  of  Car:  Aggregate  State  Data,  #DP-SP-26  TSC, 

Department  of  Transportation,  Cambridge,  Mass.,  (March  1974,  unpublished) 

2/  Statistical  Abstract  of  The  United  States,  1975,  U.S.  Department  of 
Commerce,  Bureau  of  The  Census,  p.  3. 
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defined  family  units  as  the  number  of  families  plus  the  number  of  unrela- 
ted individuals.  These  two  series  are  defined  by  the  U.S.  Census  Bureau 

- ,,  1/ 
as  follows:  — 

Family  - The  term  "family"  refers  to  a group  of  two  or  more  per- 
sons related  by  blood,  marriage,  or  adoption  who  reside  together 
in  a household. 

Unrelated  Individuals  - "Unrelated  Individuals"  refers  to  persons 
(other  than  inmates  of  institutions)who  are  not  living  with 
any  relatives. 

We  believe  that  family  units,  defined  as  the  sum  of  the  number  of  families 
and  the  number  of  unrelated  individuals,  is  a better  measure  of  the  num- 
ber of  decision  units  involved  in  the  auto  market  than  would  be  the  number 
of  households. 

3.2.4.  STOCK  - SHARE  APPROACH 

Our  methodology  distinguishes  a two-stage,  sequential  decision  pro- 
cess. In  the  first,  the  level  of  desired  stock  per  family  unit  is  determined-- 
the  chosen  number  of  (undifferentiated)  units.  In  the  second  stage,  given 
a purchasing  decision,  we  analyze  the  choice  between  classes  of  autos, 
this  being  a question  of  substitution  and  the  comparison  of  relative  charac- 
teristics. The  correct  approach  in  a case  of  this  kind  is  a "shares" 
formulation,  herein  developed  as  a logit-style  model,  i.e.  the  estimated 


]_/  Statistical  Abstract  of  The  United  States,  1975,  U.S.  Department  of 
Commerce,  Bureau  of  The  Census,  p.  3. 
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variable  is  the  class  "odds"  (share  X divided  by  one  minus  X).— ■ 

Concerning  the  correct  analysis  of  class  shares,  while  we  agree 
with  Chamberlain  that  equations  estimated  across  states  yield  predic- 
tions of  "desired"  or  "long-run"  adjustments  to  changes  in  the  explana- 
tory variables,  we  disagree  with  her  choice  of  single  year  new  car 
sales  shares  as  a dependent  variable.— ^ Ideally  what  should  be  explained  by 
the  equation  is  desired  composition  of  the  stock.  Observed  sales  com- 
postion  in  the  state  for  any  given  year  may  not  reflect  desired  compo- 
sition of  the  stock.  However,  we  know  why  Chamberlain  chose  to  explain 

sales  share  rather  than  stock  share,  namely,  R.L.  Polk  and  Co.  did  not 

3/ 

produce  a useful  breakdown  of  stock  by  state  by  year.-' 

We  feel  that  the  desired  stock  composition  may  be  approximated 


— / Numerous  examples  exist  of  this  standard  logit  approach  based  on  dis- 
crete choice  models  having  explicit  microeconomic  foundations.  Some 
selected  references  are:  D.  McFadden,  "Conditional  Logit  Analysis  of 

Qualitative  Choice  Behaviour",  in  Frontiers  in  Econometrics,  ed.  P. 
Zarembka,  Academic  Press,  New  York,  1975,  pp.  105-142;  M.  Baughman  and 
P.  Joskow  "The  Effects  of  Fuel  Prices  on  Residential  Appliance  Choice 
in  The  United  States,"  Land  Economics,  Vol . 50,  No.  1,  pp.  41-49, 

February  1974;  and  an  early  application  to  autos:  M.J.  Farrell,  "The 
Demand  for  Motor-Cars  in  The  United  States",  Journal  of  The  Royal  Sta- 
tistical Society,  Vol.  117,  pp.  171-193,  1954.  Studies  of  this  type  em- 
ploy cross-sectional  data,  interpreting  the  results  as  long-run  equili- 
brium stock  levels,  with  inter-class  substitution,  and,  as  in  our  approach, 
we  have  a clear  analogy  to  a long-run  investment  model. 

2/ 

- A Preliminary  Model  of  Auto  Choice  (op.  cit.) 

3/  R.L.  Polk  and  Co.  is  the  sole  source  of  regional  detailed  information  on 
autos  and  has  recently  started  producing  a breakdown  of  the  auto  stock  by 
size  class  but  1975  is  the  first  year  for  which  these  data  will  be  avail- 
able by  state. 
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by  averaging  sales  shares  over  a number  of  years.—' 1 We  have  chosen  to  esti- 
mate desired  (or  long  run  equilibrium)  auto  stock  and  auto  stock  composition 
from  aggregate  state  data  for  1972.  The  year  1972  was  chosen  as  it  was  the 
most  recent  year  prior  to  the  "oil  crisis".  Earlier  years  were  ruled  out  due 
to  the  recent  emergence  of  compacts  (early  1960's)  and  subcompacts  (late 
1960's)  which  are  destined  to  account  for  an  increasing  share  of  the  stock 
in  the  face  of  expected  further  increases  in  fuel  costs. 

Given  that  the  year  1972  followed  several  years  of  quite  stable  income 
and  economic  activity  (excepting  the  minor  recession  in  early  1970)  and  that  no 
dramatic  relative  price  changes  had  occurred,  one  can  assert  that  total  stock 
of  autos  by  state  (K<-)  was  close  to  its  equilibrium  value  (K^).  To  approximate 

the  desired  shares  (SHR*  ) of  the  stock  in  1972,  the  share  of  new  car  sales 

s c 

by  class  over  the  period  1971  to  1972  is  computed  as  follows:— ^ 


SHR 


s,c 


1972 
Z AN 

t=l  971  SjCjt 
1972 
Z (l 

t= 1971  c 


AN  J 

S3Cjt' 


where  AN  is  new  car  sales  within  state  s of  class  c in  year  t. 

S j O j u 

The  "desired"  stock  by  state  and  class  (in  1972)  is  thus  defined  as: 


- Initially  we  had  planned  to  use  sales  shares  from  1969  to  1972.  However, 
upon  close  examination  of  the  data  by  state  1969  to  1972  and  for  the 
U.S.  1969  to  1972,  we  decided  that  including  the  two  earlier  years  would 
bias  the  desired  share  of  subcompacts  downward  (vis-a-vis  compacts) 

even  though  the  combined  subcompact-compact  share  was  quite  stable. 

2/ 

— The  empirical  measure  is  therefore  close  to  that  used  by  Chamberlain; 
desired  shares  are  approximated  using  1971  and  1972  sales. 
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= (SHR*  ) *(K*  ) 
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3,2.5.  SIZE  CLASS  DEFINITIONS 


The  "shares  of  stock"  procedure  is  intuitively  straightforward. 

In  addition,  of  course,  we  must  have  shares  of  actual  stock  and  new 
registrations  (and  scrappage)  for  the  time-series  analysis  of  the  stock 
adjustment  process.  We  therefore  require  a straightforward  and  unambig- 
uous way  to  divide  up  these  stocks  and  flows.  The  definition  of  the  size 
classes  is  therefore  crucial  to  the  analysis.  The  allocation  scheme  must 
be  such  that  the  criteria  for  a particular  class  are  constant  throughout 
the  study.  Whatever  kind  of  scheme  is  considered,  these  criteria  must 
be  different  from  other  possible  explanatory  variables  in  the  share  equa- 
tion. For  example,  if  wheelbase  were  the  only  classification  criterion, 
then  wheelbase  should  not  appear  on  the  right-hand  side  of  the  regression 
equation,  since  that  would  result  in  an  identification  problem. 

The  criteria  for  selection  are  in  fact  mul ti -dimensional , which 
would  seem  to  allow  a limited  set  of  criterion  variables  to  appear  on  the 

right-hand  side.  An  appropriate  disaggregation  appeared  to  be  to  divide 
automobiles  into  five  classes:  subcompacts,  compacts,  mid-size,  full-size, 

and  luxury  cars.  The  criterion  for  al location  is  primarily,  but  not  en- 
1/ 

tirely,  wheelbase.  Price,  overall  dimensions,  and  estimated  seating 

1/  We  had  originally  planned  to  use  a measure  of  seating  capacity,  but  found 
intractible  the  construction  of  such  a series  over  the  period  1948  to  1974 
for  domestic  and  foreign  cars.  Price  is  clearly  what  distinguishes  the 
1 uxury  class. 


3-8 


capacity  also  play  a role.  However,  wheelbase  plus  any  one  of  the  other 
characteristics  will  very  likely  yield  the  correct  classification.  The 
classification  is  one  that  we  feel  is  reasonably  intuitive.  Further,  it 
minimizes  the  number  of  potential  misclassifications . It  should  be 
stressed,  however,  that  the  wheelbase  criteria  is  essentially  a proxy 
measure  of  seating  capacity  and  internal  dimensions  ^(excepting  luxury). 
It  may  be  noted  that  the  classification  scheme  is  in  approximate  con- 
formity with  that  of  Chamberlain  who  used  a price  classification. 

The  classification  scheme  has  its  primary  justification  in  an 
empirical  as  well  as  a theoretical  sense.  Essentially,  cars  within  a 
particular  class  compete  more  closely  than  cars  in  distinct  classes,  i.e. 
the  interclass  elasticity  of  substitution  is  lower  than  the  intra-class 
elasticity.  This  fact  should  make  sense  in  so  far  as  the  classification 
was  set  up  to  distinguish  among  different  types  of  vehicles. 

While  numerous  borderline  decisions  were  made  in  classifying  spe- 
3/ 

cific  cars,  — we  shall  concentrate  here  on  the  general  rules  followed. 
The  general  rules  for  defining  the  size  class  shares  are  as  follows: 

Subcompacts : All  cars  with  a wheelbase  of  100  inches  or  less 

(excluding  luxury  cars). 

Compacts:  All  cars  with  a wheelbase  greater  than  100  inches 

and  less  than  or  equal  to  111  inches  (excluding 
1 uxury  cars) . 


1/  Hence  the  new  1977  General  Motors  full-size  models  retain  the  full-size 
classification  despite  the  wheelbase  reductions. 

2/  A Preliminary  Model  of  Auto  Choice  (op.  cit.) 

3/  For  a detailed  discussion  see  Appendix  A1 , page  Al-4. 
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Domestic  Mid-Size  Cars:  All  cars  with  a wheelbase  greater  than 

111  inches  and  less  than  or  equal  to 
118  inches  (excluding  luxury  cars)  - 
only  domestic  cars  are  given  this 
classi  fi  cation. 1/ 

Domestic  Full-Size  Cars:  All  cars  with  a wheelbase  greater  than 

118  inches  (excluding  luxury  cars)  - 
only  domestic  cars  are  given  this  class 
designation.!/ 

Luxury  Cars:  Since  the  basis  for  this  is  price,  the  cut-off  is 

somewhat  arbitrary.  However,  the  lowest  price  cars 
in  this  class  are  generally  (for  domestics)  the 
Buick  Electra  225,  the  Oldsmobile  98,  and  the 
Chrysler  New  Yorker.  Foreign  cars  with  a price 
greater  than  or  equal  to  the  lower  priced  member 
of  the  cars  mentioned  above  are  included  in  this 
class .!/ 


3.2.6.  STRUCTURAL  RELATIONSHIPS 


For  the  year  1972,  we  employed  state  data  to  estimate  cross-sec- 
tional relationships  explaining  the  long-run  influence  of  auto  costs,  in- 
come, demographic  factors  and  transportation  system  characteristics  on 
total  stock  and  its  share-composition  by  size  class.  One  would,  of  course, 
expect  auto  costs  and  the  availability  of  public  transportation  facilities 
to  be  negatively  related  to  the  desired  total  stock.  Demographic  factors 
would  vary--some  possibly  having  positive  effects,  others  negative. 

Income  would  be  expected  to  be  a positive  influence  - but  not  to 
a limitless  extent.  It  seems  to  us  reasonable  to  postulate  a "saturation" 
effect:  beyond  a certain  point  further  income  increases  would  lead  to 

y There  are  therefore  only  three  foreign  car  categories.  The  reader  is 
again  referred  to  page  A1 -4  for  details. 
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little  or  no  addition  to  desired  stock.  To  capture  this  concept,  the  per- 
centage of  families  earning  $15,000  or  more  (measured  in  1970$)  was 
introduced  - this  figure  having  been  suggested  by  a number  of  surveys 

It  could  be  argued  that  desired  stock  should  primarily  be  con- 
sidered a function  of  some  concept  of  desired  total  vehicle  miles  (VMT). 
Initially  we  had  planned  to  test  this  hypothesis  by  estimating  a func- 
tion for  desired  VMT,  but  the  only  data  available  on  a state  by  state 
basis  are  VMT  for  all  vehicles  (including  trucks,  buses,  etc.)  and 
these  proved  totally  unsatisfactory.  The  total  stock  equation  may  then 
be  viewed  as  a reduced  form,  if  you  will  , the  determinants  of  desired 
VMT  affecting  the  stock  directly. 

The  size-class  shares  were  estimated  as  functions  of  the  same 
types  of  variables  as  the  total  stock,  with  one  difference  being  that 
relative  costs  were  employed:  the  cost  for  class  X relative  to  the 
average  cost  for  all  other  classes  except  X.  A second  distinction  deals 
with  the  "income  effect"  phenomenon.  If  auto  costs  rise  one's  real  in- 
come with  respect  to  auto  costs  is  reduced:  thus,  if  costs  for  each 

class  rose  by  equal  proportions  one  would  expect  some  "trading  down" 

(e.g.  from  a full  size  to  a mid-size)  might  well  take  place.  To  capture 
this  effect  the  ratio  of  dollar  income  to  average  cost  was  introduced. 

y See  Marketing  and  Mobility,  Report  of  a panel  of  the  Inter  Agency  Task 
Force  on  Motor  Vehicle  Goals  beyond  1980,  March  1976,  pp,  2-19  to  2-32 
for  a review  of  these  surveys. 


3-11 


It  is  worth  re-stating  that  the  major  "decision-making"  process 
takes  place  in  these  cross-sectional  components  of  the  model.  Once  sat- 
isfactorily estimated,  these  then  had  to  be  "translated"  into  the  time- 
domain.  This  involves  an  important  "heroic  assumption":  that  we  have 
correctly  identified  a sufficiently  large  and  detailed  set  of  charac- 
teristics affecting  auto  demand  that  the  behaviour  of  the  U.S.  over  time 
will  match  that  of  the  states  - i.e.  that  the  two  are  equivalent  in  es- 
timated behaviour. 

In  principle  this  translation  is  straightforward,  involving 
the  substitution  of  the  appropriate  time-series  variable  for  the  cross- 
sectional  measure  initially  employed.  In  practice  the  desired  share 
equations  had  to  be  adjusted  to  reflect  the  drastically  different  supply 
situation  - the  consumer  choice  set  - over  the  historical  period  (recall 
that  the  behaviour  was  estimated  with  the  consumer  facing  1972  alterna- 
tives). The  details  are  given  in  Section  3.3,  but,  as  one  would  expect, 
primarily  involved  the  lack  of  subcompact  and  compact  offerings  in  earl- 
ier years. 

The  remainder  of  the  model  is  estimated  on  the  basis  of  an 
annual  time-series  sample.  Total  new  registrations  shares  of  new  registra- 
tions by  class  and  used  car  scrappage  are  all  estimated  primarily  as  func- 
tions of  the  relationship  between  desired  and  actual  stocks.  One  would 
expect  the  relationships  between  these  flows  and  any  divergence  in  stocks 
to  be  a powerful  one  because  they  are  small  relative  to  the  total  stock. — ^ 

1/  For  an  illustration,  see  next  section. 
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Other,  essentially  cyclical,  variables  enter  these  equations,  these 
being  interpreted  as  primarily  "speed  of  adjustment"  factors. 

Completing  the  model  structure  we  have  an  equation  estimating 
vehicle  miles  traveled;  an  analysis  of  the  used  car  market;  and  the  esti- 
mation of  all  components  of  auto  prices  and  costs  necessary  for  the 
derivation  of  the  cost  concept  employed  in  this  study. 

3.2.7  THE  COST  PER  MILE  CONCEPT 

The  concept  of  auto  costs  developed  for  this  study  appears 
quite  original,  and  is  of  critical  importance  for  the  model.,  It 
is,  therefore,  deserving  of  special  notice.  It  appeared  to  us  that 
previously  used  measures  were  faulty  in  one  respect  or  another  insofar 
as  their  conceptual  foundations  were  concerned.  We  consider  there  to 
be  three  primary  elements  to  a conceptually  correct  approach. 

Firstly,  an  automobile,  as  a consumer  durable  item  and  an  important 
capital  investment,  should  be  analyzed  analogously  to  any  other  piece  of 
capital  "equipment"  that  incurs  costs  and  yields  benefits  over  time,  i.e., 
a "present  value"  method  is  appropriate.  This  technique  involves  "dis- 
counting"--!' .e. , giving  less  weight  to--both  costs  and  benefits  that  occur 
in  the  future.  The  further  ahead  they  are  incurred,  the  less  significance 
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is  attached  to  them.  Costs  incurred  today  are  more  significant 
because  they  involve  the  sacrifice  of  present  consumption--their 
opportunity  cost  is  greater.  Similarly,  benefits  accruing  today 
are  of  greater  value  than  those  anticipated  at  some  point  in  the 
future. 

For  the  purpose  of  discounting  we  have  assumed  the  economic 
vehicle  life  to  be  ten  years.  For  each  year  we  have  computed  the 
relevant  costs.  — These  cost  streams  are  then  discounted  back  to 
present  value  terms.  At  the  same  time  we  have  assumed  a lifetime 
mileage  of  100,000  miles,  with  higher  per  year  mileage  being  driven 
in  the  earlier  years.  This  stream  of  services  (miles  traveled)  is 
also  discounted  back  (at  the  same  rate)  and  divided  into  capitalized 
costs.  The  result  is  the  measure  that  we  term  "capitalized  cost 
per  mile. " 

The  second  issue  concerns  the  conceptual  viewpoint  from  which 
one  considers  the  costs  (and  benefits)  of  owning  and  operating  a 
vehicle.  In  our  view  all  costs  incurred  over  the  economic  vehicle 
life  must  be  accounted  for  in  the  analysis,  and  not  only  those 
faced  by  any  one  owner,  such  as  the  new  car  buyer.  Since  the  re- 
sulting measure  will  not  correspond  to  that  faced  by  any  specific 


— ^The  capitalized  cost  per  mile  calculation  is  quite  complex.  For 
all  details  concerning  the  computational  procedures  and  assump- 
tions employed  the  reader  is  referred  to  Appendix  A1 , Section 
A1 .4.3. , page  Al-15. 
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individual,  this  equilibrium  concept  of  capitalized  cost  per  mile 
might  be  somewhat  more  loosely  characterized  as  an  index  of  "social" 
or  "society"  cost. 

The  third  issue  is  the  somewhat  more  pragmatic  one  of  pre- 
cisely how  the  costs  of  purchase  and  operation  should  be  evaluated 
in  each  year.  This  clearly  is  an  important  issue,  however,  since  we 
do  wish  to  consider  all  costs  and,  most  importantly,  to  "weight"  each 
of  them  appropriately  relative  to  their  economic  significance.  The 
procedure  we  have  adopted  places  the  purchase  cost  completely  in  the 
initial  year,  with  computed  costs  of  financing,  gasoline  consumption, 
insurance,  etc.,  for  each  year.—' 1 

The  components  of  auto  costs  are,  in  the  main,  predicted 
endogenous  variables.  There  are  equations  (for  all  eight  classes) 
explaining  base  sticker  prices,  options  expenditures,  and  trans- 
portation charges.  Taxes  are  computed  by  identity,  given  the  exogen- 
ous/policy variable  level  of  the  overall  purchase  tax  rate.  These 
are  the  components  of  total  purchase  cost.  For  operating  cost, 
we  exogenously  project  cost  indexes  for  every  component  except 
gasoline  consumption. 


— ^The  precise  methodology  was  arrived  at  after  extensive  discus- 
sions with  TSC  staff,  see  Appendix  A1 , page  Al-23. 
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Gasoline  consumption  is  subject  to  detailed  analysis, 
fstimates  of  miles  per  gallon  (MPG)  were  constructed  for  each 
class, and  relationships  estimated  expressing  fuel  efficiency 
as  a function  of  weight,  engine  displacement,  and  other  characteris- 
tics. These  physical  characteristics  are  exogenously  projected, 

2/ 

yielding  forecasts  of  MPG  by  class,—  which  then  feed  into  the 
cost  per  mile  calculations. 

3.3  MODEL  STRUCTURE 
3.3.1  OUTLINE 

At  its  most  basic  level  the  'skeleton'  of  the  model  can  be 
characterized  by  the  following  elements: 

--Desired  Stock 

--Desired  Stock  by  Size-Class 

--New  Registrations 

— New  Registrations  by  Size-Class 

--Scrappage 


-^See  Section  Al.4.2,  page  Al-8,  and  Appendix  A2,  page  A2-  16  . 
2/ 

— TSC  staff  actively  participated  in  making  these  projections. 

We  have  also  estimated  linking  equations  yielding  E.P.A.  esti- 
mates, see  3.3.6,  below. 
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All  other  components  may  be  regarded  as  subordinate  to  the  above,  even 

though  they  may  be  very  important  in  their  own  right. 

The  model  operates  as  follows.-^  We  forecast  or  exogenously 

project  every  element  of  auto  costs--including  fuel  efficiency.  From 
2/ 

these  components,—  capitalized  cost  per  mile  by  class  is  computed.  Then 
desired  stock  size-class  shares  are  determined  on  the  basis  of  relative 
costs  per  mile,  income  relative  to  auto  costs,  income  distribution,  and 
such  demographic  factors  as  the  size  of  families,  and  the  population  dis- 
tribution by  age  and  by  geographic  location.  These  desired  shares  were 
estimated  cross-sectionally  to  derive  equilibrium  relationships. 

Using  these  desired  shares  as  weights  an  average  cost  per  mile 
is  computed,  and  this  average,  together  with  permanent  income,  income 
distribution,  drivers  per  family,  the  population  percentage  in  metropoli- 
tan areas,  and  the  numbers  of  people  using  non-auto  transportation  to 
wark,  determines  the  total  desired  stock  per  family.  This  relationship 
was  similarly  estimated  from  cross-sectional  data. 

All  other  components  of  the  model  were  estimated  with  time  series. 
The  addition  to  the  stock  of  autos,  total  new  registrations , is  determined 
primarily  by  the  relationship  between  desired  and  actual  stock.  When 
desired  rises  above  the  actual,  new  registrations  increase  (and  vice-versa). 
The  growth  in  real  income  and  an  index  of  purchase  costs  also  have  direct 
effects  on  total  new  registrations.  New  registrations  shares  by  class  are 

— ^Schematic  diagrams  are  presented  in  Section  3.5,  below. 

2/ 

— Estimated  from  time-series  data. 
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entirely  determined  by  the  desired  - actual  stock  relationship  alone; 
with  domestic  and  foreign  shares  of  new  registrations  also  specified 
by  class. 

In  order  to  determine  current  actual  stocks  for  the  new  registra- 
tions analysis  we  must  also  estimate  scrappage.  This  is  again  strongly 
affected  by  the  desired-actual  stock  ratio  (if  desired  rises  relative  to 
actual,  scrappage  declines).  Scrappage  is  also  strongly  affected  by  the 
average  age  of  the  current  stock  and  by  changes  over  time  in  average 
mileage  per  vehicle.  The  unemployment  rate  and  old  car  prices  relative 
to  scrap  metal  prices  are  cyclical  influences.  Scrappage  by  class  is 
computed  by  identity  once  the  total  is  defined. 

Total  vehicle  miles  per  family  is  estimated  in  terms  of  the  de- 
viation from  its  trend  value  (which  is  a function  of  the  vintage  compo- 
sition of  the  stock).  This  is  strongly  influenced  by  fleet  gasoline 
costs,  permanent  income,  and  income  distribution.  This  estimate  feeds 
into  scrappage  as  mentioned  above. 

The  used  car  market  analyses  both  purchases  and  a variety  of 
price  measures,  with  past  and  present  new  registrations  and  new  car 
prices  being  the  primary  influences.  These  used  car  prices  then  deter- 
mine the  old  car  average  price  that  enters  the  scrappage  equation. 

3.3.2  DESIRED  STOCK 

With  this  outline  of  the  logical  structure  and  estimated  relation- 
ships in  place,  we  now  proceed  to  consider  these  estimates  in 
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more  detail.-^  Turning  first  to  the  desired  stock  per  family  unit,  this 
equation  is  presented  in  Table  3-1,  page  3-37. 

As  expected,  the  primary  determinant  is  real  disposable  family 

2/ 

income,  which  has  a strong  positive  relationship  with  desired  stock.— 

However,  as  discussed  above,  we  hypothesized  a "saturation  effect,"  and 

this  is  supported  by  the  negative  impact  of  the  percentage  of  families 

3/ 

with  real  incomes  of  $15,000  or  more.— 

The  second  key  variable  is  real  capitalized  cost  per  mile(desired- 

share-weighted  average)  which  has  the  expected  strong  negative  impact  on 

desired  stock.  Thirdly,  licensed  drivers  per  family  unit,  not  surprisingly, 

4/ 

has  a strong  significant,  positive  impact.-  Note  that  this  variable  is 
automatically  'bounded'  by  total  family  size  and  hence  is  more  significant 
historically  than  in  a forecast  sense. 

The  availability  of  public  transit  is  represented  by  the  number 

5/ 

of  persons  (per  family)  using  non-auto  transportation  to  work.— 

— ^As  this  detail  is  presented  the  reader  should  refer  back  to  the  above 
introduction  and  to  the  methodology  discussion  of  the  preceding  section. 

2/ 

— This  section  presents  a summary  discussion.  For  a complete  treatment  of 
the  equation  estimates , eval uation  of  results  and  alternatives  examined, 
the  reader  is  referred  to  Appendix  A. 2. 

3/ 

— The  offsetting  effect  of  PER15+  cannot  readily  be  evaluated  since  it 
itself  is  a (positive)  function  of  income. 

4/ 

-Licensed  drivers  relative  to  the  driving  aqe  population  has  been  rising  by  a 
pure  logarithmic  time  trend.  No  behavioral  or  economic  influences  had 
any  effect.  Thus  licensed  drivers  is  exogenous  (projected  by  the  above 
trend) . 

5/ 

— Public  transit  availability  data  are  not  produced  consistently  by  state. 

We  elected  not  to  model  non-auto  travel  to  work  due  to  the  data 
problems . 


3-19 


This  "commuting”  measure  has  a relatively  minor  negative  influence  on 
stock;  however,  since  it  has  sharply  declined  historically,  it  has  a 
potential  for  significant  future  effect. 

Finally,  the  metropolitan  population  has  a slight  positive 
impact,  this  percentage  reflecting  large  suburban  ring  populations  which 
tend  to  have  above-average  numbers  of  cars  per  family.  Again,  this 
variable's  future  influence  is  somewhat  limited  since  it  has  already 
reached  75%  for  the  U.S. 

In  the  estimation  of  desired  shares  by  class  (Table  3-1,  page 
3-37)  we  modeled  the  small  car  share  (subcompacts  and  compacts)  jointly, 
the  subcompacts  share  relative  to  combined  small  cars,  and  the  mid-size, 
full-size,  and  luxury  shares.— ^ 

Relative  cost  per  mile— own  cost  over  other  cost--is  by  far  the 
most  important  factor  in  all  the  share  equations  except  luxury,  having 
a significant  negative  effect  throughout.  The  second  important  factor 
is  income  relative  to  average  costs  per  mile.  This  represents  the 
"trading  down"  effect  of  general  cost  inflation  hypothesized  in  Section 
3.2  (and  the  converse:  increasing  affluence  relative  to  auto  costs 

implies  "trading  up").  Full  size  suffers  the  most  from  "trading  down", 
with  compacts  gaining  the  most,  and  mid-size  having  a weak  tendancy  for 

a small  net  loss.  Luxury  cars  are  not  affected,  as  might  be  expected. 

— ^The  combination  was  made  only  after  extensive  experimentation. 
Conceivably  this  form  was  superior  because  subcompacts  and  compacts 
are  closer  competitors  than  the  other  classes.  We  experimented 
with  combining  mid-size  and  full-size  with  no  success. 
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Next  in  general  significance  are  various  demographic  factors. 

Increasing  numbers  of  3 and  4 member  families  increase  the  mid-size  share, 
primarily  at  the  expense  of  full-sized  cars  but  the  percent  of  families 
with  5 or  more  members  has  a positive  effect  on  full-sized.  People 
between  the  ages  of  20  and  29  years  have  a strong  preference  for  "sporty" 
small  cars,  and  a slight  preference  for  subcompacts  within  that  group. 

The  number  of  licensed  drivers  per  family  also  tends  to  strongly  increase 
the  subcompact  share  (more  second  and  third  cars).  The  metropolitan 
population  tends  to  buy  somewhat  more  luxury  cars. 

Income  distribution  strongly  affects  some  classes.  Higher 
income  families  buy  significantly  more  luxury  cars,  at  the  expense  of 
full-size,  and  also  buy  more  (second  and  third)  small  cars ^ Finally, 
as  is  obvious  from  inspection  of  Table  3-1,  we  had  to  include  regional 
dummy  variables  (defined  to  coincide  with  the  9 census  regions)  in  all 
the  desired  share  equations  except  the  full-size  share  equation.  These 
regional  dummies  suggest  the  following: 

New  England  consumers  demonstrate  a stronger 
preference  for  smaller  cars  (subcompact,  compact, 
and  mid-size)  and  purchase  a smaller  share  of 
luxury  cars  than  would  be  expected  given  income, 
costs,  and  demographic  factors. 

Mountain  and  Pacific  Region  consumers  purchase  a 
larger  share  of  combined  subcompacts  and  compacts  and 
a larger  share  of  subcompacts  within  the  combined  sub- 
compact and  compact  share  than  would  be  expected  given 
income,  costs,  and  demographic  factors.  Consumers  in 
the  mountain  region  also  purchase  fewer  mid-size  cars 
than  would  be  expected  given  the  other  variables. 
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Unscrambl ed" 


elasticities  are  also  presented  in  Table  3-1,  page  3-39. 
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West  South  Central  Region  consumers  purchase  fewer 
small  cars  (subcompacts,  compacts,  and  mid-size)  and  more 
luxury  cars  than  would  be  expected  given  income,  costs, 
and  demographic  factors. 


3.3.3  TRANSLATION  TO  TIME  SERIES 


The  equations  described  above  were  estimated  for  the  1972  cross- 
section.  They  therefore  had  to  be  "translated"  into  the  time  domain. 

The  logical  way  to  do  this  procedure  is  to  first  translate  the  desired 
share  equations,  and  then  the  desired  stock  equation  since  the  causality 
between  these  groups  of  equations  (so  ordered)  is  strictly  recursive. 

The  first  step  in  converting  the  desired  share  equations  to  the  time 
domain  involved  substitution  of  percent  of  population  living  in  a given 
census  region  for  the  0 or  1 regional  dummies  used  in  estimating  the 
equations.  Then,  historical  time-series  values  were  similarly  substituted 

for  the  other  variables. 

Now,  as  noted  in  Section  3.2,  the  long-run  relationships  were 
estimated,  conceptually,  with  the  consumer  facing  the  1972  model 
offerings.  Therefore,  the  desired  share  by  size  class  equations  were 
adjusted  over  the  historical  period  to  reflect  the  following  factors: 

1.  Combined  Subcompact  and  Compact  Share 

a.  Adjust  equation  downward  in  1969  and  1968  backward  to 
reflect  lack  of  supply  of  U.S.  subcompacts. 

b.  Adjust  equation  downward  in  1959  and  1958  back  to 
reflect  lack  of  supply  of  U.S.  compacts. 

T7 : 

- The  desired  share  equations  are  highly  simultaneous  among  themselves, 
but  are  not  directly  influenced  by  the  size  of  the  desired  stock 
which  itself  is  influenced  by  the  desired  shares  within  the  stock. 
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2.  Subcompact  Share  of  Combined 
Subcompact  and  Compact  Share 


a.  Adjust  equation  steadily  downward  between  1971  and  1967 
(as  you  go  backwards)  to  reflect  the  disappearance  of 
II. S.  subcompact  supply  and  the  disappearance  of  Toyota 
and  Datsun  as  major  suppliers  in  the  market.  Surpris- 
ingly the  adjustment  was  no  longer  necessary  by  1963 
(again  as  one  goes  back)  suggesting  that  economic, 
cost,  and  demographic  factors  were  not  favorable  to 
subcompacts . 

3.  Shift  to  Ford,  Chevrolet,  and  Plymouth  from  Full-Size 

to  Mid-Size  Between  1964  and  1959  (again  going  backwards) 

a.  This  required  a gradual  upward  shift  in  the  mid-size 
share  which  was  held  constant  from  1958  back  and  an 
opposite  downward  shift  in  the  full-size  group  which 
was  also  held  constant  from  1958  back. 

4.  The  Luxury  Share  Equations  exhibited  a steady  but  small 
upward  bias  from  1968  backwards.  As  a result,  this 
equation  was  adjusted  downward  by  0.0125  from  this  point 
backward . 

The  final  projected  desired  shares  by  size  class  are  shown  in 
Table  3-2,  page  3- 42.-/ 

Given  the  estimated  desired  shares  over  time,  extrapolating 
the  desired  stock  backward  over  time  required  that  the  value  for  the 
variable  PER15+  (percentage  of  families  earning  in  excess  of  $15,000  in 
1970  dollars)  not  be  permitted  to  fall  below  20%  since  as  this  variable 
declines  to  very  low  levels  (5%  in  1954),  the  desired  stock  of  autos 


— ^All  share  equation  estimates  go  through  the  process  of  reconciliation 
so  that  the  adjusted  summation  equals  one.  This  is  done  by  summing 
all  classes  (except  luxury)and  dividing  the  unadjusted  shares 
(except  luxury)  by  their  unadjusted  sum  divided  by  one  minus 
luxury's  share.  Luxury  is  excluded  because  the  share  and  its 
fluctuations  are  so  small. 
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rises,  failing  to  decline  to  a sensible  level. 

By  imposing  the  constraint  that  the  value  of  PER15+  entering 
the  equation  not  be  allowed  to  fall  below  20%,  the  equation  produced  a 
very  sensible  time  series  for  the  desired  stock.  The  intent  in  including 
the  variable  (PER15+)  in  the  desired  stock  equation  was  to  capture  the 
income  saturation  effect;  not  to  suggest  that  as  this  variable  fell  to 
its  low  historical  levels  that  the  desired  stock  would  be  held  up  at 
high  levels.  For  the  purposes  of  forecasting,  in  order  to  guarantee 
that  increases  in  income  can  never  lead  to  reductions  in  the  desired 
stock  (by  increasing  PER15+)  we  have  imposed,  in  the  model  coding,  the 
constraint  that  if  the  negative  impact  of  PERI 5+  more  than  offsets  the 
positive  influence  of  permanent  income  the  net  effect  is  set  to  zero. 

The  estimated  'historical'  desired  stock  is  given  in  Table  3-3,  page  3-43. 

3.3.4  NEW  REGISTRATIONS  AND  SCRAPPAGE 

On  the  basis  of  these  desired  shares  and  stock  series,  the  total 
new  registrations  equation  was  estimated  using  time  series  (Table  3-4, 
page  3-44).  Total  new  registrations  respond  strongly  to  changes  in  the 
desired  stock,  with  a positive  elasticity  of  3.8. 

The  dynamics  of  this  equation  are  of  interest.  If  the  actual 
and  desired  stock  were  in  equilibrium  at  100.0  million  units  the  previous 
year,  and  new  registrations  and  scrappage  (last  year)  were  10.0  million 
units,  a 10%  increase  in  the  desired  stock  implies  a desired  increase  to 
110.0  million  units.  New  car  sales  would  increase  to  14  million  units 
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the  first  year  which,  if  scrappage  were  to  remain  at  10  million  units, 
would  lead  to  an  end  of  year  stock  of  104  million  units.  In  the  second 
year,  new  registrations  would  decline  from  14  million  but  would  remain 
well  above  10  million.  This  process  would  continue  until  the  actual  and 
desired  stock  were  in  equilibrium.  However,  the  new  equilibrium  stock 
would  be  110  million  units  which,  assuming  an  expected  life  of  a car  of 
10  years,  would  ultimately  lead  to  equilibrium  new  registration  and 
scrappage  of  11  million  units.  Somewhere  in  time  between  the  initial 
increase  in  desired  stock  and  the  final  equilibrium,  new  registrations 
could  be  expected  to  fall  below  11  million  units,  and  possibly  below  10 
million  units,  because  the  initial  jump  in  new  car  sales  would  produce 
a younger  than  "average"  stock  and  lower  than  "normal"  scrappage  thus 
requiring  fewer  new  car  sales  to  maintain  the  desired  stock  level. 

Family  income  relative  to  past  trends  is  an  important  positive 

factor,  with  a high  elasticity  of  over  6 (however,  the  elasticity  with 

respect  to  changes  in  this  year's  income  is  less  than  4).  The  ratio  of 
PUT0TNRL  to  PUT0TNR  (-1)  represents  a "chain  link"  price  index  of  new  car 

prices.-^  When  this  chain  link  index  increases  by  1%,  representing  pure 

price  inflation,  new  registrations  are  reduced  by  1.3%. 

Total  auto  scrappage  less  "given"  scrappage  (21  year  old  cars 
which  are,  by  assumption,  removed  from  cars  in  operation),  also  strongly 

— / A ratio  of  current  year  car  prices  weighted  by  last  year's  sales 
weights  relative  to  last  year's  car  prices  also  weighted  by  last 
year's  sales  weights. 
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responds  (in  a negative  fashion)  to  increases  in  the  desired  stock,  as 
may  be  seen  in  Table  3-4,  page  3-44,  (a  1%  increase  in  the  desired  stock 
leads  to  a 3.8%  decrease  in  scrappage).  Therefore,  the  initial  scrappage 
response  to  changes  in  desired  stock  (ceteois  paribus")  is  similar  in  mag 
nitude  to  that  for  new  registrations.  The  simultaneity  between  new  regis 
trations  and  scrappage  should  be  emphasized.  If  scrappage  increases, 
new  registrations  rise,  and  vice  versa.  Similarly,  an  increase  in  sales 
will  tend  to  push  scrappage  upward,  other  things  being  equal.  This 
feedback  process  rapidly  converges  to  a consistent  solution. 

A very  powerful  effect  on  scrappage  is  exerted  by  trends  in  driving 
habits.  The  impact  may  be  summarized  by  saying  that  if  miles  driven  per 
vehicle  increased  at  a steady  1%  per  annum  then  the  scrappage  rate  would 
increase  by  just  over  3%  per  annum. 

Since  scrappage  rates  by  vintage  vary  directly  with  vehicle  age, 
the  strong  relationship  with  the  average  age  of  the  current  stock  is  al- 
most inevitable.  The  estimated  elasticity  is  2.9,  but  of  course  the 
average  age  is  quite  stable. 

Finally,  two  variables  having  minor  impacts  are  the  unemployment 
rate  and  the  price  of  old  cars  relative  to  scrap  metal  prices.  Both  tend 
to  slightly  reduce  the  scrappage  rate  and  both  are  essentially  cyclical 
influences. 

For  the  new  registrations  shares  by  size-class  the  basic  philo- 
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sophy  behind  the  specification  of  the  equations  is  that  the  sales 
share  responds  to  changes  in  the  desired  stock  share,  and  that  the 
strength  of  that  response  is  dependent  on  how  far  away  the  existing 
stock  shares  (after  scrappage)  are  from  the  desired  shares.  Basically, 
the  closer  the  composition  of  the  existing  stock  to  the  desired  compo- 
sition of  the  stock,  the  smaller  the  shifts  expected  in  the  new  car 
sales  shares  and  vice  versa. 

The  equation  estimates  are  presented  in  Table  3-5,  page  3-46. 
The  constrained  forms  of  the  equations  assume  an  elasticity  of  one 
for  the  log  of  the  desired  odds  variable,  with  the  differences  between 
the  log  of  the  stock  share  odds  and  the  log  of  the  desired  share  odds 
entering  with  the  expected  negative  signs.  (If  the  existing  stock  share 
is  higher  than  the  desired  share,  the  sales  share  is  less  than  the  de- 
sired share  and  vice  versa).  The  constrained  forms  were  estimated  be- 
cause in  equilibrium  one  expects  the  new  registrations  share  to  move 
directly  proportionately  with  the  desired  stock  share. 

Scrappage  shares  by  class  are  computed  directly  by  identity, 
given  the  scrappage  rates  that  were  developed  (see  Appendix  Al). 

Finally,  domestic  and  foreign  shares  of  new  registrations  are 
specified.  Although  several  different  forms  were  estimated  for  these 
equations,  both  over  time  and  cross-section,  these  relationships  were 
judged  unsatisfactory.—^  We  felt  that  the  behaviour  was  unstable,  and 


1/ 


See  Appendix  A2. 
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that  even  though  past  trends  could  be  'explained'  satisfactorily  (in 
terms  of  statistical  measures)  the  implied  relationships  were  not  theo- 
retically valid.  Domestic  and  foreign  shares  are  therefore  specified 
exogenously  for  the  subcompact,  compact  and  luxury  classes,  to  be  varied 
or  modeled  by  the  user. 

3.3.5  VEHICLE  MILES  TRAVELED-^ 

To  estimate  vehicle  miles  traveled  (VMT)  per  family  we  adopted 

a classical  demand  approach,  viewing  this  as  the  utilization  of  the  stock 

of  autos  per  family.  We  therefore  adjusted  for  the  variation  in  VMT 

that  is  due  to  a changing  vintage  distribution  of  the  stock--we  are  not 

attempting  to  explain  changes  in  the  stock  but  changes  in  the  intensity 

of  use,  given  the  existing  stock. 

Real  gas  cost  per  mile  has  a strong  negative  influence  on  vehicle 

miles  per  family,  with  an  elasticity  of  0.24.  Note  that  gasoline  cost 

was  computed  using  our  estimate  of  average  actual  miles  per  gallon  for 
2/ 

the  existing  fleet.— 

We  again  found  income  distribution  (PERI 5+)  and  real  income  per 
family  to  be  interrelated.  VMT  was  positively  affected  by  PERI  5+  and 
negatively  related  to  permanent  income.  When  income  rises,  PERI 5+  will 
normally  increase  faster,  yielding  a net  positive  effect. 

-^See  Appendix  A2  for  the  detailed  equation  discussions  of  this  and 
following  sections. 

2/ 

— Since  the  gas  price  increase  will  increase  the  smaller  cars'  new 
registrations  share,  average  fuel  efficiency  would  (slowly)  rise. 
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3.3.6  MILES  PER  GALLON 


As  detailed  in  Appendix  A1  we  have  computed  the  historical 
values  for  MPG  by  class  from  individual  model  mpg  estimated  using  pooled 
cross-sectional  data.  For  forecasting  we  also  had  to  estimate  the 
corresponding  class  relationships  over  time.-/  Therefore,  the  city  and 
highway  mpg  by  class  was  related  to  the  average  class  curb  weight, 
engine  displacement,  fraction  with  automatic  transmission  (and  fraction 
with  overdrive  for  highway  mpg),  and  the  fractions  with  4 and  6 cylinder 
engines . 

The  results  are  very  similar  to  those  obtained  from  the  cross- 
section  (which  was  the  hoped  for  result).  Inertial  weight  (curb  weight 
+ 300  lbs.)  has  the  strongest  (negative)  effect,  with  an  elasticity  of 
0.47  for  city  and  0.33  for  highway.  Engine  displacement  is  the  second 
most  significant  (negative)  factor  with  elasticities  of  0.19  and  0.17, 
respectively.  The  most  substantial  positive  effect  comes  from  4-cylinder 
engines  (versus  the  'normal'  8-cylinder),  with  elasticiti-es  of  0.115  and 
0.124,  respectively. 

To  provide  additional  useful  model  outputs  we  estimated  linking 
relationships  translating  our  estimates  of  actual  driving  mpg  into  their 
EPA  equivalents.  The  greatest  disparity  was  for  city  mileage,  with  the 
EPA  being  much  higher  (over  30%  too  high).  We  found  foreign  cars 

-^Since  the  class  mpg's  are  sales-weighted  harmonic  means  versus 
arithmetic  averages  for  the  other  variables,  the  class  relation- 
ships do  not  have  an  automatic  correspondence  to  those  for  indi- 
vidual models. 
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received  significantly  lower  EPA  city  ratings,  by  an  average  2 mpg.— ' 

A weak  tendency  for  slightly  lower  full-size  ratings  was  also  indicated. 

Highway  mpg  estimates  coincide  more  closely,  with  slightly 

higher  subcompact  and  compact  ratings  relative  to  other  sizes  being 

indicated.  Interestingly,  the  elasticities  were  approximately  one  in 
2/ 

both  equations,-  i.e.,  the  EPA  measure  and  ours  tend  to  change  by  the 
same  proportions. 

3.3.7  NEW  CAR  PRICES 

For  the  domestic  industry,  base  purchase  prices  are  expressed  as 
a function  of  production  costs,  in  the  form  of  a weighted  index  of  auto 
industry  inputs.  A similar  form  was  used  for  our  options  price  series. 
These  equations  thus  represent  prices  as  a mark-up  over  costs. 

The  cost-elasticity  for  base  prices  was  found  to  be  virtually 
one,  quite  reasonably,  with  a further  'expectations'  effect--an  elasti- 
city of  0.43  on  the  change  in  costs.  For  the  options  price  series  the 
cost-elasticity  was  lower  (0.8)  reflecting  the  tendency  for  options  prices 
to  fall  relative  to  other  costs. 

Foreign  base  prices  were  estimated  as  a function  of  an  average 
import-cost  index  whose  components  were  the  export  prices  of  the  six 


at  "playing  the  EPA  game."  See  Consumer  Reports,  June  1976. 

2/ 

— Evaluated  at  the  mean. 
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major  countries  (Germany  and  Japan  dominate).  Not  unreasonably,  the 
elasticities  were  lowest  for  subcompacts  (0.7),  highest  for  luxury 
(1.1),  with  compacts  intermediate  (0.9). 

Consumers'  options  expenditures  are  expressed  as  a function  of 
"permanent"  income  per  family  and  the  'real'  maximum  options  price. 

The  form  in  which  the  equations  were  estimated  expressed  actual  expen- 
ditures relative  to  maximum  options  cost,  in  an  "odds"  formulation. 
This  prevents  expenditures  from  exceeding  the  estimated  maximum.  The 
cost  coefficients  range  from  4.6  to  0.6,  while  for  income  they  vary 
from  1.7  to  2.9.  For  subcompacts  PER15+  was  found  to  have  a negative 
impact,  offsetting  the  high  income  elasticity. 

Finally,  the  last  component  of  pre-tax  new  car  purchase  costs, 
transportation  charges,  were  estimated  as  a straightforward  function 
of  the  U.S.  transportation  price  index.  The  elasticities  ranged  from 
1.2  for  subcompacts  and  luxury  to  the  essentially  equivalent  levels  of 
1.8,  1.6,  and  1.7  for  compacts,  mid-size,  and  full-size  respectively. 

3.3.8  USED  CAR  PRICES 

Our  approach  here  is  to  estimate  the  relative  price  of  one  year 
old  cars  with  respect  to  new  car  prices.  Given  these  we  then  generate 
successive  price-relatives  (for  a car  aged  i versus  age  i-1).— ^ 

— The  complete  exposition  and  data  development  is  contained  in 
Appendix  A1 . 
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An  intermediate  step  was  the  generation  of  used  car  volume 
estimates  as  a function  of  the  change  in  new  car  sales  (positive)  and 
past  trends  in  sales  (negative),  i.e.,  a sustained  increase  reduces  used 
car  sales  versus  the  positive  effect  of  a one-year  upswing. 

The  price-relatives  for  each  class  all  rise  when  used  car  sales 
are  high  vis-a-vis  new  car  sales,  a reasonable  finding.  Changes  in  new 
car  prices  tend  to  increase  the  price-relatives  for  subcompacts  and 
compacts,  implying  a substitution  of  used  for  new  car  purchases,  but 
decrease  them  for  mid-size,  full-size  and  luxury.  Thus  large  car  buyers 
are  less  sensitive  to  new  car  price  increases,  fewer  are  deterred  from 
buying  new  cars,  hence  the  used  car  price  does  not  rise  proportionately 
to  the  new  car  price  increase.  Finally,  for  compacts  and  mid-size  an  in- 
crease in  new  car  sales  share  tends  to  increase  used  car  prices. 

Two  vintage-weighted  average  price  series  were  computed.  The 
first,  for  cars  eight  years  old  and  over,  enters  into  the  scrappage  equa- 
tion; the  second,  for  all  cars,  was  related  to  the  Automotive  News  average 
wholesale  price.  The  close  correspondence  found  between  the  two  validates, 
to  some  extent,  the  methodology  employed. 

3.4  MODEL  INPUTS  AND  OUTPUTS 

While  the  model  inputs  and  outputs  have  been  discussed,  both  in 
general  terms  and  with  reference  to  specific  equations,  it  is  useful  to 
present  them  in  a collected  form  to  give  the  more  general  reader  a better 
grasp  of  what  drives  the  model  and  what  the  model  yields  in  terms  of 
resul ts . 
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A description  of  the  model  outputs  is  given  in  Table  3-6,  page 
3-48.  Note  that  most  of  these  outputs  are  distinguished  by  size-class. 
These  classes  are  defined  in  Section  3.1,  above.  The  variables  can  be 
grouped  into  two  main  categories: 

(1)  Desired  long-run  equilibrium  variables, 

(2)  Yearly  realization  variables. 

The  former  variables  represent  the  long-run  equilibrium  values  toward 
which  the  yearly  realization  variables  adjust.  The  values  of  these  long- 
run  equilibrium  (desired)  variables  change  in  response  to  changes  in  income 
and  economic  activity  variables,  demographic  variables,  public  transporta- 
tion system  usage,  new  auto  characteristics,  and  operation  and  ownership- 
related  prices.  Movements  in  the  yearly  realization  variables  are  strongly 
related  to  movements  in  the  corresponding  long-run  equilibrium  variables 
(e.g.,  total  new  car  sales  is  strongly  related  to  changes  in  the  desired 
stock)  but  also  respond  to  changes  in  current  economic  conditions,  costs  of 
adjustment  to  the  desired  levels,  and  auto  supply  limitations. 

Table  3-7,  page  3-49,  presents  a description  of  the  model  inputs 
(exogenous  policy  assumptions).  While  all  these  variables  can  be  manipu- 
lated by  the  model  users  as  desired,  potential  sources  for  these  exogenous 
projections  are  identified  in  the  table.  Variables  of  particular  interest 
as  policy-inputs  include  taxes  on  new  cars  by  size  class  and  gasoline 
taxes  (item  I.H),  commuting  transportation  mode  (group  III),  and  the  auto 
characteristics  assumptions  (group  IV). 
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3.5.  SUMMARY  OF  MODEL  STRUCTURE 


Chart  3-A  below  gives  a very  broad  picture  of  the  overall  structure 
of  the  Wharton  EFA  Automobile  Model  within  the  context  of  policy  variables 
and  other  exogenous  inputs  (page  3-51). 

Government  policies  feed  into  the  foreign  block  via  possible  import 
quotas,  anti -dumping  rules,  and  import  tariffs.  Other  government  policies 
feed  directly  into  the  U.S.  auto  industry  via  emission  and  safety  control 
standards,  mileage  standards,  excise  taxes  on  new  cars,  and  the  like. 

The  auto  industry  itself  interacts  with  the  exogenous  inputs,  espe- 
cially economic  activity.  These  inputs  include  income  and  its  distribution, 
family  size,  the  demand  for  public  transportation  services,  etc.  The  three 
exogenous  blocks  all  feed  into  the  price  block,  which  includes  the  various 
measures  of  cost  per  mile,  a variable  crucial  to  the  entire  analysis  of  the 
automobile  sector. 

Chart  3-B  shows  the  detail  of  the  long  run  portion  of  the  model. 

The  outputs  of  the  long-run  sub-model  feed  into  the  year-to-year  realizations 
of  the  shorter-run  sub-model.  The  long-run  outputs  are  delineated  in 
boldface  and  include  the  size  of  the  desired  stock  and  the  desired  size  class 
share  of  that  desired  stock  (page  3-52). 

The  two  long-run  outputs  are  each  determined  or  driven  by  all  of  the 
exogenous  inputs.  Strictly  from  the  exogenous  point  of  view  transportation 
system  characteristics , demographic  variables,  and  the  income  and  activity 
variables  all  drive  the  desired  stock  and  shares.  From  a more  classical 
point  of  view  the  cost  per  mile  of  new  cars  also  feeds  in. 
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These  costs  per  mile  have  three  main  determinants:  the  character- 

istics of  new  cars  (size,  horsepower,  mpg,  etc.),  prices  and  taxes 
associated  with  operation  (i.e.,  the  variable  costs),  and  new  car 
prices.  These  prices  are  determined  by  supply  constraints  as  discussed 
in  the  paragraph  above,  new  car  production  costs,  and  taxes  and  tariffs, 
the  latter  being  part  of  the  arsenal  of  policy  instruments. 

Chart  3-C  represents  the  detail  surrounding  the  short  run  realiza- 
tion of  the  desired  stock  and  shares.  From  the  point  of  view  of  the 
annual  sub-model  the  major  "exogenous"  inputs  are  the  long-run  outputs 
described  previously,  and  the  new  car  supply  constraints,  and  income  and 
activity  variables  (page  3-53). 

The  annual  sub-model  outputs  are  total  vehicle  miles,  new  car  sales 
and  the  size  class  share  of  new  sales.  As  before,  the  ownership  and 
operation  costs  play  a crucial  role  in  the  determination  of  those  outputs. 
However,  other  parts  of  the  model  also  come  into  play.  The  end  of  year 
auto  stock  is  determined  along  with  its  composition  by  class  and  vintage. 
Further,  the  stock  also  plays  a role  in  its  own  utilization,  i.e.,  vehicle 
miles . 

Another  important  variable  in  the  model  is  unit  scrappage, 
which  is  influenced  by  the  desired  stock,  trends  in  vehicle  miles  per 
auto,  and  the  age  of  the  stock.  Scrappage  and  used  car  prices  are  related 
through  the  average  price  and  volume  of  used  car  sales.  Finally,  used 
car  prices  themselves  are  influenced  by  new  car  sales  and  prices. 

Thus,  if  new  car  prices  are  taken  as  exogenous  to  the  model,  the 
ownership  and  operation  costs  are  essentially  simultaneous  with  the  rest 
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of  the  model,  driving  the  outputs,  and  in  turn  being  driven  by  other 
variables  which  are  influenced  by  the  model  outputs.  The  major  feedback 
loop  is  through  these  prices,  which  serve  as  potential  market  equil ibrators . 
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DESIRED  STOCK  AND  SHARE  EQUATIONS 
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Notes:  All  equations  are  estimated  over  47  states  excluding  Oklahoma,  Alaska,  Hawaii,  and 

the  District  of  Columbia.  Variable  definitions  are  presented  on  page  3-40,41. 


Share  of  Subcompacts  in  Combined  Subcompacts  and  Compact  Share 
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Noto->:  All  equations  are  estimated  over  47  states  excluding  Oklahoma,  Alaska,  Hawaii, 

the  District  of  Columbia.  Variable  definitions  are  presented  on  page  3-40,-41. 
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FM5+/FM  Number  of  5 or  more  Member  Families  Over  Number  of  Family  Units 
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SHRS/SC  Desired  Share  of  Subcompact  Cars  in  Total  Subcompact  and  Compact  Cars 


TABLE  3-2 

ESTIMATED  DESIRED  SHARES  BY  CLASS  OVER  TIME  ( 1 954-1974 ) 
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SHRL*A  = Desired  Share  of  Luxury  Cars. 


TABLE  3-3 


ESTIMATED  DESIRED  AUTO  STOCK 
OVER  TIME  (1958-1974) 


KEND*AY/FM 

KEND*AY 

1954 

0.983 

50.029 

1955 

1 .002 

51 .943 

1956 

1 .018 

53.714 

1957 

1 .026 

54.583 

1958 

1.033 

55.945 

1959 

1 .051 

57.971 

1960 

1.071 

60.153 

1961 

1 .090 

61 .789 

1962 

1.098 

63.593 

1963 

1.129 

65.826 

1964 

1.163 

68.449 

1965 

1.188 

71 .471 

1966 

1 .220 

74.212 

1967 

1 .238 

76.345 

1968 

1 .238 

78.336 

1969 

1.245 

80.505 

1970 

1.250 

82.814 

1971 

1 .260 

85.401 

1972 

1 .261 

88.122 

1973 

1.273 

90.986 

1974 

1 .256 

92.517 

KEY: 

KEND*AY/FM  = Desired  stock  of  autos  per  family  unit  (autos  per 
family  unit). 

KEND*AY  = Desired  stock  of  autos  (Millions  of  units). 
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TOTAL  NEW  REGISTRATIONS  AND  SCRAPPAGE 
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Note:  For  definitions  see  page  3-45. 


AVAGE0-20  - Average  Age  of  Stock,  Vintages  0 through  20 
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TABLE  3-5 


SHARE  OF  NEW  REGISTRATIONS  EQUATIONS 


I.  Combined  Subcompact  and  Compact  New  Registrations  Share  (SHRSCTNR) 


In 


, SHRSCTNR  \ _ , , SHRSC*A  * 

M - SHRSCTNR j M - SHRSC*Aj 


0.0598815 

(3.97) 


- 0.400553  [ In  ( 
(16.61) 


(TMSCTK-SC)  \ 
1 - (TMSCTK-SC) ' 


In 


, SHRSC*A  n 
M - SHRSC*A'J 


T = 0.932  SEE  = 0.0483 
Period  Fit:  1954-1974 


D.W.  = 0.83 


II.  Subcompact  Share  in  Combined  Subcompact  and 
Compact  New  Registrations  (SHRS/SCTNR) 


In 


, SHRS/SCTNR  » _ 7„  , SHRS/SC*A  x , 
1 - SHRS/SCTNR'  ll  - SHRS/SC*A; 


0.00275211 

(0.27) 


- 0.699549  [In  ( 
(21 .41) 


(TMS/SCTK-SC)  x 

1 - (TMS/SCTK-SC) 


In  ( 


SHRS/SC*A  n 
1 - SHRS/SC*A  J 


R2  = 0.958  SEE  = 0.0453  D.W.  = 1.39 
Period  of  Fit:  1954-1974 


III.  Mid-Size  Car  New  Registration  Share  (SHRMDNR) 


, , SHRMDNR 

in  M - SHRMDNR 


In 


, SHRM*A  v 
M - SHRM*A' 


0.00198516 

(0.66) 


- 0.873077  [In 
(82.94) 

R2  = 0.997 
Period  of  Fit: 


f (TMMDK-SC)  > 
1 - (TMMDK-SC) ' 


SEE  = 0.0101 
1954-1974 


, f SHRM*A  ^ 
m M - SHRM*A  J 

D.W.  = 1 .26 


Note:  For  definitions,  see  page  3-47. 
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TABLE  3-5  (Cont.) 

IV.  Full-Size  Car  New  Registrations  Share  (SHRFDNR):  Constrained  Form 


, , SHRFDNR  x 

ll  - SHRFDNR' 


In  ( 


SHRF*A  x 
1 - SHRF*A 


- 0.0115806 
(3.06) 


- 0.826937 
(47.12) 


[ In 


, (TMFDK-SC)  x 
h - (TMFDK-SC) ' 


In 


/ SHRF*A  n 
1 - SHRF*AjJ 


^ = 0.991  SEE  = 0.0168  D.W.  = 1.05 
Period  of  Fit:  1954-1974 


V.  Luxury  Car  New  Registrations  Share  (SHRLTNR) 


In 


, SHRLTNR  > 
M - SHRLTNR' 


= In  (t  SHLLnL)  + 0.000264892 
I - bHKL  A (q>37) 


- 0.713064  [ In 

(105.00) 


, (TMLTK-SC)  x 
M - (TMLTK-SC); 


In  ( 


SHRL*A  n 
1 - SHRL*A  J 


R2  = 0.998  SEE  = 0.0021 
Period  of  Fit:  1954-1974 


D.W.  = 1.33 


Definitions: 


SHRscNR  = Share  of  New  Registrations,  Class  sc3 
sc  = S/SCT , SCT,  MD,  FD,  LT. 

SHRse*A  = Desired  Stock  Share,  Class  sc. 

TMseK-SC  = Share  of  Stock,  Class  sc,  after  scrappage,  shares  adjusted  to 
sum  to  one.  Thus: 

TMscK-SC  = SHRscK-SC/Z  SHRscK-SC 

sc 


where 

SHRscK-SC  = (0PMVUAscYEND( -1 ) - SCMVUAsc)/  (0PMVUAYEND( -1 ) - SCMVUA)  = 

Previous  class  stock  less  this  year's  class  scrappage  relative 
to  total  previous  stock  less  total  current  scrappage. 
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TABLE  3-6 


DESCRIPTION  OF  WEFA  LONG-RUN  AUTO  DEMAND  MODEL  OUTPUTS 


I.  Desired  or  Long-Run  Equilibrium  Variables: 

A.  Desired  Total  Stock  of  Autos 

B.  Desired  Shares  of  Stock  by  Class 

C.  Cost  Per  Mile  Traveled  for  the  Desired  Stock 


II.  Yearly  Realization  Variables 

A.  Total  New  Registrations  of  Autos 

B.  New  Registrations  by  Class 

C.  Vehicle  Miles  Traveled 

D.  Total  Scrappage  of  Autos 

E.  Scrappage  by  Class  and  Vintage 

F.  Total  Auto  Stock 

G.  Total  Stock  by  Class  and  Vintage 

H.  Cost  Per  Mile  Traveled  by  Class 

I . Overal 1 FI eet  MPG 

J.  New  Auto  MPG  by  Class 

K.  New  Auto  Prices  by  Class 

L.  Used  Auto  Prices  by  Class  and  Vintage 
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TABLE  3-7 

DESCRIPTION  OF  WEFA  LONG-RUN  AUTO  DEMAND  MODEL  INPUTS 


I.  Economic  Activity  and  Price  Assumptions:— 

A.  Personal  Income 

B.  Income  Tax  Payments 

C.  Transfer  Payments 

D.  Unemployment  Rate 

E.  Employment 

F.  Consumer  Price  Indices  (Including  CPI's  Related  to  Auto  Operation 

and  Maintenance) 

G.  Retail  Gasoline  Price  (Including  Tax) 

H.  Interest  Rates 

I.  Auto  Ownership  and  Operation  Tax  Rates  by  Size  Class 

J.  Domestic  Auto  Production  Cost  Index 

K.  Foreign  Auto  Export  Price 

L.  Transportation  Price  Index 

M.  Scrap  Metal  Price  Index 

2/ 

II.  Demographic  Assumptions 

A.  Number  of  Family  Units 

B.  Family  Size  Distribution 

C.  Percent  of  Population  Living  in  SMSA's 

D.  Population  by  Region 

E.  Population  20-29  Years  Old 

F.  Number  of  Licensed  Drivers 

III.  Transportation  Mode  Assumptions: 

A.  Growth  in  Urban  Transit  Passengers  Relative  to  Employment 

B.  Growth  in  Urban  Transit  Passengers  Relative  to  Transit  Travelers 

to  Work 

C.  Growth  in  Non-Auto,  Non-Transit  Travelers  to  Work  Relative  to 

Employment 


- Forecasts  of  most  of  these  variables  are  obtainable  directly  from  the 
Wharton  Long-Run  Forecasts.  Forecasts  of  the  others  can  be  provided 
via  simple  linking  equations  to  the  Wharton  Model  variables.  The  tax 
rates  (item  I)  are  policy  variables. 


2/ 

— Forecasts  for  most  of  these  variables  are  available  from  the  U.S.  Census 
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TABLE  3-7,  Continued 


V 

IV.  Auto  Characteristics  Assumptions: 

A.  Curb  Weights  for  New  Cars  by  Class 

B.  Engine  Displacements  for  New  Cars  by  Class 

C.  Number  of  Cylinders  for  New  Cars  by  Class 

D.  Transmission  Types  for  New  Cars  by  Class 

E.  MPG  Efficiency  Factors  for  New  Cars  by  Class- 

F.  Urban  Fraction  of  Vehicle  Miles  Traveled 

G.  Used  Cars  Price  Decay  Parameters 

H.  Ratios  Class  Prices  to  Average,  Domestics 


1/  Numerous  projections  of  expected  new  car  weight  and  efficiency  are  avail- 
able from  the  EPA,  DOT,  and  the  Auto  Industry.  These  two  variables  also 
can  be  considered  policy  variables  to  the  extent  that  feasible  improve- 
ments in  miles  per  gallon  are  mandated. 

2/  Efficiency  is  defined  as  mile-pounds  per  gallon  of  gas.  Miles  per 
gallon  is  efficiency  divided  by  weights. 
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Foreign  Auto  Industries  J Government  Policy 
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This  chart  shows  the  major  blocks  of  the  Wharton  EFA  Automobile  model.  For  detail  regarding  the  outputs  of  the  long  run  equilibrium 
portion  of  ttie  model  see  chart  H2.  For  detail  regarding  the  adjustments  to  long  run  equilibrium  see  chart  H3. 


DETAIL  OF  THE  LONG  RUN  AUTO  MODEL 
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This  chart  shows  the  detail  surrounding  the  long  run  equilibrium  of  the  model.  Those  outputs  are  in  bold  face  boxes.  For  detail  regarding 
the  impacts  of  these  long  run  outputs  see  chart  # 3. 


INPUT  AND  OUTPUT  DETAIL  OF  THE  LONG  RUN  AUTO  MODEL:  ADJUSTMENTS  TO  THE  DESIRED  VALUES  OF  THE  ACTIVITIES  OVtR  TIME 


3- 
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lhir>  chart  shows  the  detail  loading  to  the  major  outputs  of  the  model.  Those  outputs  are  bold  face  blocks.  For  detail  regarding 
the  long  run  equilibrium  portion  of  the  model  see  chart  I 2. 


4.  BASELINE  FORECASTS  AND  ELASTICITIES 


4.1  ASSUMPTIONS  THROUGH  2000 

The  assumptions  that  must  be  made  concerning  the  world  outside  the 
automobile  market  are  obviously  critical  to  the  relevance  of  the  base- 
line forecasts.  Due  to  their  different  nature,  these  assumptions  fall 
naturally  into  three  major  categories:  demographic  trends,  the  economic 

environment,  and  automobile  characteristics.  The  projections  are  dis- 
cussed in  general  terms,  with  details  and  data  being  presented  in  Appen- 
dix A3. 

4.1.1.  DEMOGRAPHIC  TRENDS 

The  projections  for  the  population  components  and  other  demographic 
variables  are  taken  directly  from,  or  inferred  from,  U.S.  Bureau  of  the 
Census  estimates  published  in  various  issues  of  Current  Population  Re- 
ports. The  Census  projections  used  were:  total  resident  population 

(NPR);  the  16  to  74  age  group  (NPR16.74);  the  20  to  29  age  group  (NPR 
20.29);  number  of  families  (NCF);  number  of  unrelated  individuals  (NPRU) ; 
average  family  size  (NCFMAVG);  and  population  by  region  (NPRNEW,  NPRWSC, 
NPRMTN,  NPRPAC) . 

Throughout,  we  used  the  lowest  Census  projections,  which  are  the 
most  reasonable  in  the  light  of  recent  trends.  For  most  of  the  period, 
total  population  grows  at  around  1^  million  (less  than  1%)  per  annum, 
slowing  during  the  1990's,  and  approaching  ZPG  by  2000.  The  number  of  un- 


4-1 


related  individuals  relative  to  total  population  has  been  slowly  rising 
at  a declining  rate,  and  since  the  average  family  size  is  projected  to 
slowly  fall,  the  total  number  of  family  units  (NCF  plus  NPRU)  grows  at 
almost  twice  the  rate  of  NPR  - from  75  million  in  1975  to  100  million  by 
2000. 

Given  the  trend  in  NCFMAVG,  the  proportion  of  families  with  5 or 
more  members  (FM5+/FM)  will  fall  continuously,  being  about  half  its 
1974  value  by  2000.  The  3 or  4 member  proportion  (FM3+4/FM)  fluctuates 
around  a level  trend  through  the  mid-1980's,  then  slowly  declines. 

The  number  of  licensed  drivers  (projected  on  the  basis  of  NPR16.74) 
rises  steadily,  but  relative  to  the  number  of  family  units  (LD/FM)  it  slow- 
ly rises  and  then  declines,  showing  no  net  change  for  the  period  as  a 
whole.  The  labor  force  (NLC)  is  also  projected  on  the  basis  of  NPR16.74, 
with  the  participation  rate  initially  rising.  This  produces  a high  la- 
bor-force growth  rate  of  2h%  p.a.  for  1977-78,  thereafter  the  growth 
steadily  declines  to  under  1%%  (1.28%  in  1985)  until  for  1990  onwards  the 
labor-force  growth  follows  that  of  NPR16.74  - roughly  %%  p.a. 

The  population  20  to  29  years  old,  as  a fraction  of  the  total,  will 
decline  in  1977,  and  from  1981  onwards  will  fall  more  and  more  rapidly, 
stablizing  only  at  the  very  end  of  the  period.  The  metropolitan  popula- 
tion is  projected  to  hit  80%  of  the  total  by  1990,  subsequently  remaining 
unchanged.  Si  mi 1 arly, for  the  regional  population  proportions,  the  chan- 
ges are  so  gradual  that  the  1990  Census  estimates  were  continued  through 
2000.  Only  for  the  Pacific  Region  is  there  any  significant  change  pro- 
jected: an  increase  from  13.2%  in  1975  to  14.4%  in  2000. 
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Economic  prognosticators  currently  find  themselves  in  a more  than 
normally  hazardous  situation.  Not  only  are  they  faced  with  a new  presi- 
dent, but  also  less  is  "known"  than  usual  about  the  precise  nature  and 
scale  of  future  economic  policies.  Compounding  this  uncertainty  is  the 
critical  question  of  the  policy  to  be  pursued  by  the  OPEC  nations  con- 
cerning crude  oil  prices. 

The  baseline  economic  projections  were  made  on  the  basis  of  the  most 
recent  Wharton  Annual  Long-Term  Econometric  Model  forecast.  This  fore- 
cast assumes  several  stimulative  policies  on  the  part  of  the  new  admini- 
stration, and  a 10%  OPEC  price  increase  for  1977. 

4.1.2.  BASELINE  ECONOMIC  OUTLOOK 

The  economy  is  expected  to  continue  a healthy  recovery  through  1978, 
with  both  real  GNP  growth  and  inflation  proceeding  at  rates  in  the  area 
of  5.5%  and  unemployment  falling  to  6.0%.  In  1979-80  a downturn  or  'pause' 
is  expected,  slowing  real  growth  to  2%,  and  pushing  inflation  back  up  to 
the  6%  range  as  productivity  growth  slows,  promoting  "cost-push"  infla- 
tionary pressures.  The  unemployment  rate,  however,  continues  to  fall  due 
to  the  impact  of  an  assumed  jobs  program. 

The  slowdown  seems  to  be  due  to  two  factors.  Fixed  investment  expen- 
ditures slow  down  sharply,  and  consumption  expenditures  show  only  slow 
growth,  primarily  because  of  the  modest  rates  of  increase  in  personal  dis- 
posable income.  For  1981-85,  a return  to  real  GNP  growth  at  or  above  3% 
and  a slower  inflation  rate  (falling  below  4.5%)  should  be  possible,  as 
the  stimulative  policies  described  pull  the  economy  out  of  this,  hopefully, 
temporary  slump. 
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Needless  to  say,  the  stimulative  policies  and  the  slowdown  lead  to 
substantial  federal  deficits  being  sustained  through  1981.  By  1982  the 
increase  in  tax  receipts  and  the  slower  rate  of  expenditures  growth  should 
produce  a balanced  budget. 

For  the  international  economy  we  expect  world  trade  to  rebound 
strongly  as  other  countries  recover,  with  growth  initially  above  7%, 
falling  to  a 5%  rate  by  1985.  World  trade  prices  are  projected  to  in- 
crease at  about  5.5%.  The  OPEC  block  have  been  assumed  to  increase  pri- 
ces by  10%  for  1977,  and  thereafter  maintain  their  'real'  price  by  rai- 
sing crude  prices  in  line  with  the  general  world  inflation  rate  - i.e. 

5 to  6%  per  annum. 

With  respect  to  specific  model  inputs,  total  current  personal  in- 
come follows  the  aggregate  growth  described  above,  with  rates  in  excess 
of  10%  for  1976-78,  falling  to  8%  in  1979-80,  and  growth  continues  to  de- 
cline through  1985,  hitting  7.4%  p.a.  The  growth  in  tax  receipts  consis- 
tently outpaces  income,  while  transfer  payments  grow  at  a slower  pace 
still.  Hence  the  relatively  modest  growth  in  total  current  disposable  in- 
come referred  to  above. 

Total  employment  is  expected  to  expand  vigorously  while  the  assumed 
jobs  program  is  at  its  peak,  thereafter  the  growth  rate  declines  - from 
2.3%  in  1979  to  1.2%  in  1985.  As  previously  noted,  the  unemployment  rate 
falls  steadily,  hitting  4.9%  in  1981,  rising  slightly  in  1983-85  due  to 
labor  force  growth. 

The  consumer  installment  credit  rate  for  new  autos  is  expected  to  de- 
cline slowly,  in  line  with  the  discussion  above,  reaching  10%  by  1985.  The 
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rate  of  increase  in  the  consumer  price  index  is  expected  to  fluctuate  between 
5 and  6?  initially,  but  then  should  fall  towards  4%  by  1985. 

For  the  period  1985-2000,  we  have  projected  a trend  for  real  growth 
of  3%  p.a.  with  inflation  running  at  3.5  - 4%  through  1990,  falling  to 
3-3.55:  thereafter.  Therefore,  personal  income  is  projected  to  increase 
at  6.5*  through  1990  and  by  6%  p.a.  to  2000.  The  rates  of  increase  of 
income  taxes  are  set  slightly  above  these  values,  with  transfers  initially 
growing  at  slightly  lower  rates  than  income,  then  (1990  on)  rising  to 
match  the  growth-rates  of  taxes  (as  a progressively  larger  proportion  of 
the  population  becomes  over  65  years  old). 

Since  we  anticipate  that  the  increased  participation  rates  projec- 
ted through  1985  will  stabilize  by  1990,  total  employment  is  expected  to 
continue  to  increase  at  rates  above  1%  p.a.,  with  the  unemployment  rate 
falling  to  4%  by  1990.  Thereafter,  we  feel  that  the  unemployment  rate 
will  decline  at  much  slower  rates  (by  0.1  percentage  points  p.a. 
through  2000)  and  since  the  projected  labor  force  growth  is  approximately 
0.5%  p.a.,  total  employment  growth  slackens,  fluctuating  between  0.5  to  0.7% 
p.a.,  1990-2000. 

Production  costs  for  the  domestic  automobile  industry  continue  to 
outpace  the  overall  consumer  price  index,  growing  in  excess  of  6%  p.a. 
through  1979.  This  rate  should  moderate  sharply  for  1981-85,  to  3.5-4%. 

We  project  this  rate  to  continue  to  1990,  falling  to  3.5%  through  1995, 
and  slowing  further  to  3.2%  p.a. 

After  their  large  increases  in  1975-76  foreign  auto  export  prices 
will  grow  by  only  4%  for  1977,  and  7%  p.a.  for  1978-79.  Thereafter,  their 
rate  of  increase  is  expected  to  parallel  the  inflation  rate  for  U.S.  im- 
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ports  of  manufactured  goods.  Therefore,  they  were  projected  to  increase 
by  4.5%  p.a.  through  1990,  and  by  4.0  p.a.  for  1990  onwards. 

The  average  retail  price  of  gasoline  (including  taxes)  is  expected 
to  climb  sharply  in  1977-78,  paralleling  the  crude  oil  price  trend.  Af- 
ter increases  of  7%  and  9%,  respectively,  we  estimate  rates  of  increase  in 
the  vicinty  of  71  for  1979-85.  Then,  in  line  with  the  crude  oil  price 
assumptions,  we  anticipate  a fall  to  6%  for  1986-90,  with  a further 
slackening  in  the  rate  of  increase,  to  just  under  5%  p.a.,  for  the  re- 
mainder of  the  period.  These  trends  cause  the  gas  price  to  rise  to 
$1,102  by  1985  and  to  $2,394  by  2000.  These  are  increases  of  100%  and 
330%,  compared  to  60%  and  170%  for  overall  consumer  prices. 

The  other  inputs  to  auto  operating  costs,  the  price  indices  for  re- 
pairs, insurance,  tires,  motor  oil,  and  parking  and  etc.,  mainly  follow 
fluctuations  in  the  overall  rate  of  inflation.  Auto  insurance  premiums 
show  the  most  rapid  rates  of  increase,  averaging  10-11%  p.a.  through  1980, 
then  consistently  running  1-2  percentage  points  above  the  general  infla- 
tion rate.  Repair  costs  are  a second  source  of  increasing  costs.  After 
increasing  at  rates  above  7%  p.a.  for  1976-1980,  they  then  increase  at  a 
rate  roughly  1 percentage  point  above  the  overall  rate.  Parking  and  etc. 
costs  will  increase  roughly  0.5  percentage  point  faster  than  the  total 
CPI,  while  the  motor  oil  index  should  increase  at  about  the  same  rate. 

The  price  of  tires  should  follow  a more  moderate  path,  rising  by  an  average 
5%  for  1976-79,  then  increasing  at  a rate  of  3.5%  p.a.  through  1985  and 
by  3.0%  p.a.  thereafter. 
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The  Wharton  forecast  up  to  1985  assumes  the  following  stimulative 
pol icies : 

1.  Easier  monetary  policy  - this  is  a continuation  of  recent  trends. 
By  1978  this  is  assumed  to  reduce  short-term  interest-rates  by 

80  basis  points  versus  previous  policies. 

2.  Increased  federal  spending  - non-defense  expenditures  are  raised 
SI 5 billion  by  1 979.  This  is  accompanied  by  higher  government 
employment,  peaking  at  250,000  in  1978. 

3.  Subsidized  jobs  program  - the  program  is  assumed  to  have  two 
streams  of  300,000  participants,  each  lasting  three  years,  one 
beginning  1978  and  the  other  in  1979. 

4.  Housing  subsidies  -a  goal  of  400,000  additional  starts  is 
assumed  for  1979.  This  adds  an  estimated  $5  billion  to  expendi- 
tures. 

4.1.3.  AUTOMOBILE  CHARACTERISTICS 

The  most  critical  elements  in  this  category  are  the  projections  by 
class  for  curb  weight,  engine  displacement,  automatic  transmission  frac- 
tion, overdrive  fraction,  four  cylinder  fraction,  and  six  cylinder  frac- 
tion. 

We  begin  with  domestics.  For  1976  the  model  specifications  are 
known,  and  we  employed  the  eight  months  sales  data  currently  available  to 
compute  the  class  averages.  In  fact,  1976  specifications  tended  to  show 
relatively  minor  changes  overall.  The  major  impacts  for  1976-77  come 
from  the  higher  sales  of  Chevettes  (for  domestic  subcompacts),  and  the 
sharp  reductions  in  weight  and  displacement  for  many  of  the  full-size  and 
luxury  cars  occuring  in  the  1977  models. 

For  1977-78  we  have  judgementally  extended  the  trends  we  presently 
see  occurring.  The  rest  of  the  domestic  industry  is  assumed  to  follow 
GM's  lead.  Thus  there  will  be  more  "Chevette-sized"  subcompacts,  mid- 
size moves  towards  an  "Aspen-Volare"  type,  and  the  full-size  and  luxury 
classes  are  downsized  across  the  board. 
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The  assumption  we  have  followed  is  that  the  major  effort  to  reduce 
weight  and  displacement  will  move  'down'  the  classes.  Thus,  next  year 
GM  intends  to  'shrink'  its  mid-size  models  substantially  (again,  we  feel 
the  rest  of  the  industry  will  follow  suit  in  1979-80).  It  would  seem 
logical  to  assume  that  compacts  and  subcompacts  will  be  the  next  candi- 
dates for  major  redesign  programs. 

Over  the  longer  term  we  have  been  guided  primarily  by  The  Report  by 
The  Federal  Task  Force  on  Motor  Vehicle  Goals  Beyond  1980,  (Volume  2, 
Draft,  Sept.  2,  1976).  The  curb  weight  projections  (Section  5.2.5,  page 
5-11)  distinguish  "weight  conscious"  and  "innovative"  designs,  'high'  and 
'low'  estimates,  for  4.5,  and  6 passenger  vehicles. 

The  baseline  curb  weight  for  full-size  is  assumed  to  reach  3000  lbs. 
by  1990,  roughly  the  average  of  the  'high'  and  'low'  Task  Force  estimates 
for  the  "innovative"  6-passenger  design.  Luxury  are  given  the  same  trend, 
with  about  a 300  lb.  (or  10%)  differential  maintained  throughout.  At  the 
opposite  end  of  the  scale,  subcompacts  are  reduced  to  the  4-passenger 
"innovative"  weight  by  1990  (1900  lbs).  Compacts  and  mid-size  are  placed 
intermediate,  with  compacts  reaching  2300  lbs.  by  1990  (actually  equal  to 
the  'low',  5-passenger,  "innovative"  level),  and  mid-size  being  closer  to 
the  full-size,  at  2800  lbs.  These  average  weights  represent  reductions 
for  each  class  of  about  one-third. 

Average  displacements  for  the  domestics  have  been  projected  on  the 
basis  of  the  weight  reductions  and  downward  trends  in  displacement/weight 
ratios.  Current  domestics  have  much  larger  engines,  even  relative  to 
weight,  than  foreign  makes.  Therefore,  we  have  reduced  the  domestics' 
ratios  to  approach  present,  comparative  foreign  ratios.  Engine  displace- 
ments are  therefore  reduced  by  about  40%. 


4-8 


The  transmission  and  engine-type  variables  have  essentially  been  projected 
on  the  basis  of  the  above  trends,  although  we  have  not  projected  any  changes 
beyond  1981.  Given  the  American  consumers'  apparent  preference  for  the  per- 
formance and  flexibility  of  more  cylinders  and  the  convenience  of  auto- 
matics, we  have  adopted  a conservative  attidue  with  respect  to  these  factors. 

As  far  as  foreign  cars  are  concerned,  curb  weights  and  displacements 
are  already  so  much  lower  than  their  domestic  counterparts  that  it  was  diffi- 
cult to  establish  what  rates  of  reduction  were  appropriate.  Consequently 
we  assumed  that  foreign  subcompacts  would  fall  to  the  same  weight  in  1990 
as  domestics,  while  both  compacts  and  luxury  would  still  be  slightly 
lighter  than  their  domestic  counterparts.  Displacements  were  reduced 
cormensurately . 

With  respect  to  efficiency  improvements,  we  assumed  gains  for  domes- 
tics of  4*  p.a.  for  1975-76,  3.5%  p.a.  for  1977-78,  and  2%  for  1979-80. 

For  this  period,  foreign  cars  were  assumed  to  have  rates  of  gain  1%  lower 
than  domestics.  For  1981  onwards  we  have  applied  a conservative  trend  of 
additional  gains  of  1%  p.a.  throughout  the  period. 

Clearly  these  assumptions  are  very  judgemental.  For  1976-80  the  only 
test  is  one  of  inference  based  upon  the  predicted  mpg  values  (see  following 
discussion  of  baseline  automobile  forecast).  For  1980  onwards,  the  un- 
certainty surrounding  future  environmental  and  safety  regulations,  and  the 
doubt  as  to  the  widespread  application  of  diesel  technology,  suggest  to  us 
that  assuming  lower  rates  of  efficiency  gain  may  be  the  most  appropriate 
for  a baseline  case.  Higher  rates  could  then  be  assumed  for  scenario  analy- 
sis. 
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4.2.  BASELINE  FORECAST  RESULTS 


To  begin  with,  it  may  be  noted  that  the  model  performs  very  well  in 
matching  1975  and  1976  new  registrations  - both  total  and  by  class  - 
with  only  minor  adjustments  needed  to  align  the  initial  forecasts  with 
the  data  currently  available.  Since  1975-76  are  outside  the  data  set 
used  to  estimate  the  model,  and  the  changes  in  new  registrations  (both 
total  and  by  class)  were  very  substantial,  this  initial  success  is  quite 
encouraging. 

Nonetheless,  the  reader  is  reminded  that  the  model  is  aimed  at 
long-run  analysis,  rather  than  precise  year-to-year  tracking  - although 
the  one  does  not  necessarily  preclude  the  other. 

The  primary  outstanding  characteristic  of  the  baseline  forecast  is 
clearly  the  excellent  outlook  for  new  car  sales  over  the  next  5 years. 

We  expect  new  registrations  to  total  10.2  million  units  for  1976.  Con- 
tinued growth  is  anticipated  for  1977  - to  11.3  million  units  - and,  to 
a lesser  extent,  for  1978  (11.6  million  units).  With  the,  hopefully, 
mild  1979-80  recession,  new  sales  dip  slightly,  recovering  the  lost 
ground  in  1980,  with  1981  then  being  another  year  of  strong  growth  - to 
a record  12.7  million  units. 

The  second  key  feature  is  the  strong,  sustained  recovery  in  the 
larger  car  market  share.  Our  analysis  clearly  indicates  that  the  1976 
resurgence  in  the  mid-  and  full-size  classes  is  by  no  means  a temporary 
phenomenon.  Indeed,  the  full-size  share  is  expected  to  continue  to  rise 
through  1979,  reaching  almost  29%,  implying  sales  of  3.3  million  units 
(compared  to  just  1.4  million  in  1975).  Mid-size  sales  should  also  hold 
up  well,  falling  off  somewhat  from  their  high  1976  level,  but  neverthe- 
less maintaining  a respectable  23%  share. 
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Commensurate  with  these  trends,  small  cars  continue  to  decline  in 
market  share,  the  major  brunt  being  borne  by  subcompacts,  while  compacts 
maintain  a somewhat  more  stable  trend.  Compacts  should,  in  fact,  recover 
somewhat  in  1979-81,  back  to  20%  of  the  market.  Subcompacts,  on  the 
other  hand,  continue  to  lose  ground  markedly,  falling  to  20%  by  1980. 

The  primary  factor  underlying  these  trends  would  appear  to  be  in- 
come growth.  Real  disposable  income  per  family  is  expected  to  show  sub- 
stantial , although  not  outstanding,  growth  following  the  drastic  1975  de- 
cline. This  upward  trend  is  halted,  but  not  reversed,  in  1979-80  and 
again  in  1982-83.  This  income  growth  is  a major  causative  factor  in  stim- 
ulating the  desired  stock  of  autos  and,  hence,  new  sales,  and  in  increasing 
the  full-size  share,  via  trading  up  to  the  larger  cars. 

A second  major  influence  is  costs.  The  substantial  fuel  efficiency 
gains  achieved  for  large  cars,  and  those  projected  for  the  next  several 
years,  result  in  a relatively  favorable  trend  in  costs  for  larger  cars 
vis-a-vis  smaller.  Our  index  of  costs,  capitalized  cost  per  mile,  shows 
an  increase  of  16%  for  full-size,  1975-78,  compared  to  about  19%  for  sub- 
compacts and  compacts. 

In  addition  to  these  relative  changes,  examining  the  forecast  rate 
of  growth  for  average  real  capitalized  cost  per  mile  shows  automobile 
costs  rising  very  slowly  relative  to  overall  inflation,  except  for  a 
slight  jump  in  1978.  Hence  desired  stock  and  new  registrations  are  not 
held  down  by  rising  costs. 

A third  factor  is  that  the  proportion  of  families  with  real  incomes 
of  $15,000  or  more  does  not  recover  to  its  1974  level  until  1980.  This 
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is  significant  because  this  group  is  clearly  associated  with  both  higher 
1 uxury  sales  (as  a substitute  for  full-size),  and  with  higher  subcompact 
sales  (as  second  cars). 

Finally,  demographic  trends  are  also  unfavorable  to  small  cars, 
since  the  population  20  to  29  years  old  relative  to  the  number  of  family 
units  begins  to  decline  during  this  period. 

Scrappage  is  expected  to  rebound  strongly  from  its  low  1974-75 
levels,  rising  substantially  in  1976-77,  and  again  in  1979.  The  post- 
poned scrappage  in  1974-75  led  to  relatively  substantial  increases  in 
the  average  age  of  the  stock,  by  about  4%  p.a.  Hence  replacement  de- 
mand, combined  with  the  growth  of  desired  stock,  must  be  considered  a 
not  insignificant  factor  in  spurring  new  sales. 

As  a result  of  these  trends  we  expect  the  total  end-of-year  automo- 
bile stock  to  grow  strongly  from  under  97  million  units  in  1975  to  over 
106  million  by  1979,  with  growth  slackening  in  1979-80  as  scrappage  holds 
at  its  higher  level  and  new  sales  cease  to  increase. 

Despite  the  growth  in  stock,  it  is  significant  that  our  forecast  for 
total  vehicle  miles  shows  very  modest  growth  from  1975.  Indeed,  examining 
the  prediction  for  vehicle  miles  per  family  reveals  that  even  this  slight 
increase  is  due  solely  to  the  upward  trend  in  the  number  of  family  units. 

We  expect  a substantial  increase  in  fuel  efficiency  through  1980.  We 
estimate  that  the  sal es-wei ghted  average  for  new  sales  (measured  by  E.P.A. 
standards)  will  exceed  20  mpg  by  1980,  with  the  "mandated"  average  for  new 
domestics  (assuming  a 55%  urban  driving  ratio)  just  attaining  the  20  m.p.g. 
figure.  This  slowly  rises  to  23  mpg  by  1990.  Our  1976-77  estimates 
appear  to  match  current  E.P.A.  and  industry  estimates  quite  closely. 


4-12 


In  terms  of  actual  driving  mpg,  we  expect  to  see  the  largest  improve- 
ment for  full-size,  up  27%  in  1980  over  1975  levels.  Well  over  half  this 
improvement  occurs  in  1976  and  1977.  Since  the  other  classes  are  also  ex- 
pected to  improve  substantially,  the  average  m.p.g.  for  the  total  fleet 
(again,  driving  mpg,  not  E.P.A.)  should  show  a significant  increase,  to 
13.5  mpg,  up  over  6%  from  1975-76.  The  combined  result  of  our  forecasts 
for  overall  fuel  efficiency  and  vehicle  miles  traveled  is  that  total  gaso- 
line consumption  for  automobile  use  is  predicted  to  remain  almost  com- 
pletely static,  1975  to  1980. 

Over  the  longer  term,  the  early  and  mid-1980's  are  years  of  re- 
trenchment, with  new  registrations  running  between  12  and  12^  million 
units.  Modest  growth  should  resume  in  the  latter  half  of  the  decade, 
sales  reaching  13.2  million  in  1990.  Thereafter  the  trend  is  one  of 
very  slow  growth,  averaging  under  1%  p.a.,  new  registrations  just  reaching 
14  million  units  by  2000. 

In  terms  of  shares,  trends  should  stabilize  significantly  from  the 
early  1980's  through  the  end  of  the  period.  Compacts  are  expected  to 
hold  at  20  to  21%  of  the  market  throughout.  Mid-size  shows  a very  slight 
increase  from  1985  to  1990,  rising  from  between  22  and  23%  to  24%.  Luxury 
shows  signs  of  a slow,  but  sustained  increase,  from  9%  initially  to  11% 
by  2000.  Subcompacts'  share  dips  to  17%  in  1984-85,  recovering  slightly 
to  18%  in  the  early  1990's,  and  full-size  slowly  rises  to  its  ultimate  peak 

market  share  of  30%  in  1985  then  steadily  declines,  back  down  to  27% 
from  1990  onwards. 

The  slowing  rate  of  growth  of  new  sales  can  be  traced  to  the  modest 
growth  in  desired  stock.  Desired  stock  per  family  unit  increases  by  less 
than  %%  p.a.  during  the  early  1980's,  and  becomes  virtually  constant  from 
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the  late  1980's  through  the  end  of  the  period.  Thus  it  would  appear  that 
saturation  is  attained  during  the  latter  part  of  the  forecast  period. 

The  moderate  growth  in  real  family  income,  the  rising  proportion  of 
higher  income  families  (who  tend  to  have  a more  stable  number  of  cars  per 
family),  and  the  slow  but  persistant  increase  in  'real'  auto  costs,  all 
contribute  to  this  finding.  Therefore,  the  slow  (and  declining)  rate  of 
growth  in  total  desired  stock  during  the  1 990 ' s is  entirely  due  to  the 
upward  trend  in  the  number  of  family  units. 

This  discussion  of  the  forecast  results  has  by  necessity  concentra- 
ted on  the  salient  features  of  the  most  important  series.  The  forecast 
tables  presented  at  the  end  of  this  chapter  contain  predictions  for  143 
variables.  For  instance,  those  not  covered  in  this  discussion  include 
all  the  components  of  new  car  prices  and  the  used  car  market  variables. 

4.3.  MODEL  ELASTICITIES 

The  concept  of  an  "elasticity"  (or  "multiplier")  is  fairly  straight- 
forward - given  a certain  initiating  change  in  a given  variable,  changes 
in  the  predictions  will  occur.  Expressing  the  'output'  change  relative 
to  the  'input'  change  yields  a quantitative  indication  of  how  important 
the  input  variable  is  to  the  results. 

In  terms  of  individual  equations,  since  most  of  the  model  is  esti- 
rrated  in  log-linear  form,  elasticities  can  be  directly  observed  or 
readily  computed:  a 1%  change  in  independent  variable  X yields  an  E% 

change  in  the  dependent  variable  Y,  and  "E"  is  then  the  elasticity  rela- 
tionship between  X and  Y. 

For  a complex  and  highly  simultaneous  model,  however,  the  single  - 
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equation  elasticities  are  rarely  realized  - they  are  offset  or  compounded 
by  reactions  with  the  rest  of  the  system.  Therefore,  we  present  in  this 
section  a selected  sample  of  model  elasticity  responses  in  tabular  forms. 
The  elasticities  take  the  form  of  % changes  relative  to  the  existing 
basel ine. 

Since  the  most  interesting  examples  are  fully  presented  and  dis- 
cussed in  Chapter  5,  the  treatment  given  here  is  as  concise  as  possible. 


1.  10°.  GASOLINE  PRICE  INCREASE 


% Change  in: 

1977 

1978 

1979 

1980 

Desired  Stock 

-.34 

-.33 

-.33 

-.32 

Actual  Stock 

.05 

.24 

.23 

-.28 

New  Registrations 

-2.13 

-2.97 

-2.89 

-0.47 

Scrappage 

-3.47 

-6.18 

-3.14 

+4.49 

Vehicle  Miles 

-1 .92 

-1 .97 

-2.13 

-2.49 

New  Fleet  MPG 

.75 

.67 

.59 

.51 

Desired  Shares: 

Subcompacts 

4.97 

4.85 

4.49 

4.20 

Compacts 

0.0 

-.09 

.18 

.41 

Mid-Si ze 

.10 

.12 

.13 

.15 

Ful  1 -Si ze 

-3.49 

-3.29 

-3.28 

-3.31 

Luxury 

.01 

.02 

.02 

.01 

New  Reg.  Shares: 

Subcompacts 

7.85 

7.30 

6.36 

5.36 

Compacts 

-.76 

-.57 

+ .14 

.61 

Mid-Size 

.44 

.47 

.43 

.33 

Full-Size 

-6.71 

-5.48 

-5.08 

-4.61 

Luxury 

.33 

.34 

.26 

.14 

Capital  Costs/Mile: 

Subcompact 

1 .81 

1 .79 

1 .76 

1 .73 

Compact 

2.13 

2.10 

2.02 

1 .95 

Mid-Size 

2.23 

2.18 

2.11 

2.06 

Ful 1 -Size 

2.16 

2.10 

2.06 

2.02 

Luxury 

1.71 

1 .68 

1 .65 

1 .62 

Average 

1 .74 

1 .71 

1.68 

1 .64 
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Raising  gas  prices  by  10%  increases  costs  per  mile  by  around  2% 

(an  elasticity  of  0.2).  Gasoline  costs  are  less  important  to  luxury 
costs,  hence  the  lower  increase.  The  different  relative  importance  al- 
so is  the  reason  why  mid-size  costs  increase  fractionally  more  than 
full-size. 

Average  costs  increase  less,  due  to  the  shift  to  subcompacts.  The 
size-class  shifts  in  desired  shares  are  substantial  for  subcompacts 
and  full-size.  The  change  in  desired  stock  is  modest,  but  persistent, 
producing  very  reasonable  results  for  new  registrations.  As  can  be  seen, 
the  reduction  in  sales  tapers  off  quite  rapidly.  Scrappage  tends  to 
oscillate  very  sharply  in  this  initial  period.  Vehicle  miles  traveled 
falls  off  significantly,  and  this  tends  to  build  up.  This  upward  trend 
in  response  does  not  continue,  in  fact,  it  ultimately  begins  to  taper 
off  due  to  the  very  slight  improvements  in  average  fuel  efficiency. 

The  next  table  examines  the  impact  of  a 1%  increase  in  income. 

Clearly  income  has  varying  effects  on  desired  shares  and  new  registra- 
tions by  class.  There  is  an  initial  "trading  up"  response  which  is  very 
rapidly  'damped'  and  then  compensated  for  by  income  distribution  changes. 
The  longer-run  trend  again  indicates  reductions  in  the  smaller  car  shares, 
and  an  increase  in  the  full-size  share.  Given  that  we  have  a 1%  initiating 
income  change  these  elasticities  are  quite  strong  - at  their  peak  values 
they  exceed  1.0,  compared  to  elasticities  of  0.5  to  0.8  for  the  gaseoline 
price. 
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2.  1%  PERSONAL  INCOME  INCREASE 


% Change  in: 

1977 

1978 

1979 

1980 

Desired  Stock 

.16 

.22 

.20 

.14 

Actual  Stock 

.53 

.65 

.51 

.29 

New  Registrations 

5.54 

1 .54 

-.19 

-.50 

Scrappage 

.92 

.47 

1 .12 

1 .61 

Vehicle  Miles 

.09 

.73 

.90 

.80 

New  Fleet  MPG 

-.19 

-.08 

-.01 

.07 

Desired  Shares: 

Subcompacts 

-1 .05 

-.54 

-.03 

.36 

Compacts 

-.40 

-.11 

.14 

.33 

Mid -Size 

-.06 

-.05 

-.04 

-.04 

Ful 1 -Size 

.93 

.30 

-.27 

-.73 

Luxury 

.29 

.54 

.77 

.94 

New  Reg.  Shares: 

Subcompacts 

-1.62 

-.77 

+ .05 

.65 

Compacts 

-.49 

-.11 

+ .25 

.50 

Mid-Size 

-.18 

-.14 

-.06 

-.02 

Ful  1 -Size 

1 .79 

.49 

-.55 

-1.30 

Luxury 

.41 

.85 

1 .23 

1 .46 

Capital  Costs/Mile: 

Subcompacts 

.02 

.02 

.01 

0.0 

Compacts 

.03 

.05 

.07 

.07 

Mi d-Size 

.02 

.04 

.04 

.04 

Ful  1 -Size 

.02 

.03 

.03 

.03 

Luxury 

.01 

.02 

.02 

.02 

Average 

.11 

.09 

.06 

.03 

As  can  be  seen,  new  registrations  quickly  adjust  after  a substantial 
initial  impact.  The  increase  in  scrappage  dies  away  in  the  longer-run. 

The  minute  changes  in  costs  per  mile  by  class  originate  with  higher  options 
expenditures. 
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3.  5%  PURCHASE  TAX,  FULL-SIZE 


% Change  in : 

1977 

1978 

1979 

1980 

Desired  Stock 

.04 

.04 

.04 

.05 

Actual  Stock 

-.09 

-.04 

-.02 

-.01 

New  Registrations 

-1 .25 

.43 

.31 

.29 

Scrappage 

-.59 

.03 

.09 

.22 

Vehicle  Miles 

-.02 

-.09 

.01 

.09 

New  Fleet  MPG 

1 .71 

1 .56 

1.50 

1 .43 

Desired  Shares: 

Full-Size 

-13.32 

-13.04 

-13.27 

-13.51 

New  Reg.  Shares: 

Ful 1 -Size 

-25.16 

-21 .07 

-19.66 

-18.41 

Capital  Cost/Mile: 

Ful  1 -Si ze 

2.07 

2.07 

2.05 

2.04 

Average 

-.23 

-.20 

-.21 

-.23 

The  converse  situation  occurs  with  a 5%  tax  on  full-size  autos. 

Total  new  registrations  are  relatively  unaffected,  but  the  distribution 
changes  markedly.  The  5%  tax  (i.e.  a 5 % purchase  price  increase)  raises 
the  full-size  cost  per  mile  by  just  over  2%.  This  reduces  the  full-size 
shares  in  desired  stock  by  over  13%,  causing  the  new  registrations  share 
to  fall  even  more.  Each  of  the  other  classes  (except  luxury)  gain  about 
equally  in  percentage-point  terms. 

The  very  sharp  redistribtuion  holds  average  cost  virtually  unchanged, 
and  this  is  why  total  new  registrations  are  relatively  unaffected.  The 
new  share  distribution  increases  average  fleet  mpg  significantly. 

As  clearly  seen  in  Table  4,  the  ownership  tax  has  virtually  negligable 
effects  compared  to  the  purchase  tax.  Even  the  redistribution  effects  are 
much  less,  with  full-size's  registrations  share  falling  by  a modest  5% 

(1.3%  points)  at  worst.  The  reason,  of  course,  is  the  smaller  increase  in 
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4.  10%  OWNERSHIP  TAX,  FULL-SIZE 


% Change  in: 

1977 

1978 

1979 

1980 

Desired  Stock 

0.01 

0.0 

0.0 

0.0 

Actual  Stock 

0.0 

0.0 

0.0 

0.0 

New  Registrations 

0.01 

0.01 

0.03 

0.03 

Scrappage 

-0.03 

0.03 

0.05 

0.05 

Vehicle  Miles 

0.0 

0.01 

0.02 

0.03 

New  Fleet  MPG 

0.34 

0.29 

0.26 

0.23 

Desired  Share: 

Full-Size 

-2.62 

-2.41 

-2.33 

-2.26 

New  Reg.  Share: 

Ful 1 -Size 

-5.07 

-3.91 

-3.41 

-2.98 

Capital  Costs/Mile: 

Full -Size 

0.41 

0.38 

0.36 

0.34 

Average 

-0.03 

-0.02 

-0.02 

-0.03 

cost  per  mile  - which 

increases 

by  only  0.4% 

. The  minute  increase 

registrations  soon  disappears. 

The  next  table 

is  aimed 

at  comparing 

the  effects 

of  purchase 

levied  on  each  class  individually. 
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5.  COMPARISON  TABLE:  5%  PURCHASE  TAX 


% Change  in: 

1977 

1978 

1979 

1980 

New  Registrations: 

Tax  on:  Subcompacts 

-1 .59 

-0.13 

-0.20 

-0.27 

Compacts 

-1  .04 

+0.29 

0.17 

0.12 

Mid-Size 

-2.02 

+0.23 

0.07 

-0.01 

Ful 1 -Si ze 

-1 .25 

+0.43 

0.31 

0.29 

Luxury 

-1.24 

+0.12 

0.02 

-0.02 

New  Reg.  Shares: 
(Effect  on  own  share 
from  own  class  tax) 

Subcompacts 

-22.05 

-20.32 

-19.07 

-17.80 

Compacts 

-20.63 

-18.93 

-16.88 

-15.23 

Mi  d-Si ze 

-6.05 

-5.90 

-5.68 

-5.11 

Ful 1 -Size 

-25.16 

-21 .07 

-19.66 

-18.41 

Luxury 

-1 .87 

-1.73 

-1.57 

-1 .42 

Capital  Costs;Mile: 
(Effect  on  own  cost 
from  own  class  tax) 

Subcompacts 

1 .90 

1 .88 

1 .86 

1 .84 

Compacts 

1 .90 

1 .90 

1 .89 

1 .89 

Mid-Size 

1 .98 

1 .98 

1 .97 

1 .96 

Full-Size 

2.07 

2.07 

2.05 

2.04 

Luxury 

2.60 

2.59 

2.58 

2.56 

Regarding  capitalized  costs  per  mile  we  observe  a logical  progression  according 
to  how  important  the  purchase  cost  is.  The  results  of  these  cost  changes, 
however,  vary  widely  depending  on  the  different  price  elasticities. 

Hence  we  can  see  that  the  greatest  initial  impact  on  new  registrations 
occurs  for  mid-size  and  the  lowest  for  compacts.  In  terms  of  shares,  how- 
ever, full-size  clearly  reacts  the  most,  followed  closely  by  the  small-car 
classes,  with  luxury  changing  very  little. 
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6.  COMPARISON  TABLE:  10%  OWNERSHIP  TAX 


% Change  in: 

1977 

1978 

1979 

1980 

New  Registrations: 

Tax  on:  Subcompacts 

-0.18 

-0.12 

-0.09 

-0.09 

Compacts 

-0.01 

+0.01 

0.01 

0.01 

Mid-Size 

-0.07 

-0.04 

-0.02 

-0.02 

Ful 1 -Size 

0.01 

0.01 

0.03 

0.03 

Luxury 

-0.03 

-0.01 

-0.01 

-0.01 

New  Reg.  Shares: 
(Effect  on  own  share 
from  own  class  tax) 

Subcompacts 

-7.01 

-6.06 

-5.35 

-4.70 

Compacts 

-5.59 

-4.77 

-3.95 

-3.32 

Mid-Size 

-1 .40 

-1  .28 

-1 .15 

-0.96 

Ful 1 -Size 

-5.07 

-3.91 

-3.41 

-2.98 

Luxury 

-0.23 

-0.20 

-0.17 

-0.14 

Capital  Costs/Mile: 
(Effect  on  own  cost 
from  own  cl  ass  tax) 

Subcompacts 

0.57 

0.54 

0.50 

0.47 

Compacts 

0.50 

0.47 

0.44 

0.42 

Mid-Size 

0.44 

0.42 

0.39 

0.37 

Ful 1 -Size 

0.41 

0.38 

0.36 

0.34 

Luxury 

0.31 

0.30 

0.28 

0.26 

In  Table  6 a similar  comparison  for  the  ownership  tax  is  presented.  The 
major  difference  here,  of  course,  is  that  now  the  small-car  classes  have 
the  greater  % cost  increase.  Thus  subcompacts  and  compacts  now  experience 
the  largest  % changes  in  new  registration  shares.  Again,  we  may  note  the 
very  small  changes  in  total  new  sales  - even  the  largest  elasticity  (subcom- 
pacts in  1977)  is  less  than  0.02  (0.1 8%/ 10%). 

The  last  multiplier  table  addresses  the  question  of  increasing  fuel 
efficiency.  Compared  to  the  baseline  1%  per  annum  efficiency  improvement 
from  1979  onwards,  we  now  have  an  additional  2%  p.a.  increase  each  and  every 
year.  In  this  case  the  divergence  from  the  baseline  increases  every  year- 
there  is  a compounding  effect. 
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7.  3%  p.a.  FUEL  EFFICIENCY  INCREASE 


% Change  in: 

1979 

1980 

1981 

1982 

Desired  Stock 

0.06 

0.11 

0.16 

0.20 

Actual  Stock 

0.03 

0.07 

0.09 

0.11 

New  Registrations 

0.18 

0.30 

0.48 

0.65 

Scrappage 

-0.13 

-0.02 

+0.25 

0.55 

Vehicle  Miles 

0.02 

0.11 

0.24 

0.43 

New  Fleet  MPG 

1.54 

3.05 

4.57 

6.08 

Desired  Shares: 

Subcompacts 

-0.71 

-1 .26 

-1 .76 

-2.24 

Compacts 

-0.05 

-0.18 

-0.41 

-0.55 

Mid-Size 

-0.02 

-0.05 

-0.10 

-0.13 

Ful 1 -Size 

0.53 

1 .05 

1.56 

1.99 

Luxury 

0.0 

-0.01 

-0.01 

-0.01 

New  Reg.  Shares: 

Subcompacts 

-1.13 

-1 .95 

-2.63 

-3.22 

Compacts 

-0.02 

-0.21 

-0.56 

-0.75 

Mid-Size 

-0.10 

-0.18 

-0.28 

-0.33 

Ful  1 -Size 

0.93 

1 .74 

2.48 

2.98 

Luxury 

Capital  Cost/Mile 

-0.06 

-0.10 

-0.13 

-0.15 

Subcompacts 

-0.30 

-0.58 

-0.84 

-1 .10 

Compact 

-0.34 

-0.64 

-0.91 

-1 .18 

Mid-Size 

-0.36 

-0.67 

-0.97 

-1 .26 

Full-Size 

-0.35 

-0.66 

-0.97 

-1.25 

Luxury 

-0.28 

-0.53 

-0.78 

-1 .01 

Average 

-0.29 

-0.55 

-0.80 

-1.04 

The  extra  2% 

efficiency  gain 

increases 

total  new 

registrations  by  0.18% 

initially,  rising  to  0.65%  after  four  years.  While  registrations  increase  for 
all  except  the  small  cars,  the  changes  in  the  shares  indicate  that  they  do  so 


at  very  different  rates. 

The  cost  reductions  are  proportionately  greater  for  the  larger  cars. 
Hence,  across  the  board  efficiency  increases  favor  the  larger,  less  fuel 
efficient  cars.  The  effect  is  most  noticeable  for  full-size,  whose  share 
rises  0.5%  initially  and  2%  by  1982  i.e.  full-size  sales  increase  over  2 1/2% 
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by  1982. 

Contrasting  to  this  change,  mid-size  sales  are  raised  1/3%,  while  sub- 
compact sales  fall  by  2 1/2%.  Clearly  these  redistribution  effects  somewhat 
offset  the  full  increase  in  new  fleet  m.p.g.  - with  no  changes  it  would 
have  been  8%  higher  by  1982  rather  than  6%. 
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TABLES  OF  FORECAST  OUTPUT 


BASELINE 


TABLE  NAME 

1.00  Summary 

Desired  and  Actual  Auto  Stocks 
New  Registrations 
Vehicle  Miles  Traveled 
Scrappage 

E.P.A.  Measures  of 
Miles  Per  Gallon 

Shares  of  New  Registrations 
by  Class 

1.01  Shares  by  Size  Class 

Desired  Stock 

Actual  Stock 

New  Registrations, 

Domestic  vs.  Foreign 

1.02  New  Registrations  and  Stocks 

by  Size  Class 

New  Registrations 
Desired  Stock 
Actual  Stock 

1.03  Capitalized  Costs  Per  Mile 

Average,  Nominal  and  Real 

By  Size  Class 
By  Foreign  vs.  Domestic 


PAGES 

4-27 


4-32 


4-37 


4-42 
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TABLES  OF  FORECAST  OUTPUT  (Cont.) 


TABLE  NAME 

1.04  Miscellaneous 

Desired  and  Actual  Stocks  Per 
Family  Unit  and  Per  Auto 

Ratios  to  Stock,  New  Registrations 
and  Scrappage 

Income  Per  Family 

% Families  With  Incomes  Over  $15,000 
Age  of  Stock 

1.05  Mil es  Per  Gallon 

Overall  Fleet 

New  Fleet,  by  Class,  and  by 
Foreign  vs.  Domestic 

1.06  Domestic  Auto  Prices 

Total  Prices 

State  and  Local  Taxes 

Transportation  Charges 

1.07  Domestic  Auto  Prices 

Base  Purchase  Prices 
Maximum  Options  Price 
Value  of  Options  Installed 

1.08  Foreign  Auto  Prices 

Total  Prices 
State  and  Local  Taxes 
Transportation  Charges 
Base  Purchase  Prices 


PAGES 

4-47 


4-52 


4-57 


4-62 


4-67 
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TABLES  OF  FORECAST  OUTPUT  (Cont.) 


TABLE  NAME  PAGES 

1.09  Used  Car  Market  4-72 

Average  Wholesale  Price 
Price  Relatives 
Used  Car  Vol  ume 

1.10  Unadjusted  Shares  by  Size  Class  4-77 

Desired  Stock 
New  Registrations 

Technical  Notes  on  Forecast  4-82 
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